North Dakota Storm List Appendix F

This appendix contains all the storm data used to adjust each storm in-place. Information is
provided representing the SPAS analyzed data, the information used to locate the storm
representative dew point/SST location, and other pertinent information regarding the In-place
storm representative dew point and rainfall. The adjustments applied to each storm to each grid
point to calculate the TAF over the entire domain are contained in the PMP Tool database.

In this appendix, daily synoptic weather maps are provided for a period starting a few days before
the storm and continuing to a few days after the storm. Daily weather maps covering the period
from 1871 through 2002 are from the U.S. Daily Weather Maps Archive, NOAA Climate Database
Modernization Program (CDMP), National Climatic Data Center, Asheville, NC, and the NOAA
Central Library Data Imaging Project. Daily synoptic weather maps from 2002 through 2021 are
from the NOAA Weather Prediction Center Daily Weather Maps web page,
http://www.hpc.ncep.noaa.gov/dailywxmap/index.html.

For all storms which had a USACE Storm Studies analysis previously completed, those pertinent
data sheet pages are included. These data came from the USACE Storm Rainfall in the United
States, Depth-Area-Duration Data files (USACE, 1973). In addition, there are several storms
which include a hand drawn transposition limit map complete by the NWS. These maps were
recovered from the Hydrometeorological Design Studies Center office in Silver Spring, MD and
are archived on AWA's server. Descriptions of transposition limits of key storms are contained in
several HMRs (e.g., HMR 52 Figure 26 and HMR 53 Table 2 (Ho and Reidel, 1980)).


http://www.ncdc.noaa.gov/oa/climate/cdmp/cdmp.html
http://www.ncdc.noaa.gov/oa/climate/cdmp/cdmp.html
http://www.hpc.ncep.noaa.gov/dailywxmap/index.html

Table F.1 Short storm list used for PMP Development-general storms. Maximum Total Rainfall is
the location with the largest rainfall accumulation for the total storm duration.

SPAS_ID Storm Name State Lat Lon Year Month Day R::::ll.l Elevation | PMP_TYPE
SPAS 13351 WARRICK MT 43.0791 -109.7041 1906 6 5 13.69 4123 General
SPAS 16971 RONWOOD MI 464542 202064 1909 7 21 1341 1443 General
SPAS_1336_1 SPRINGEROOK MT 473642 -105.7778 1921 6 17 1520 2687 General
SPAS 13251 SAVAGETON WY 43.8458 -105.8042 1923 9 27 1756 3036 General
SPAS 14331 COLLINSVILLE jis 38.6708 -90.0042 1946 g 12 19.07 363 General
SPAS_1583_1 COUNCIL GROVE Ks 38.6458 -06.6208 1951 7 9 18.56 1430 General
SPAS 1630_1 BOLTON ONT 43.8375 -79.9792 1954 10 14 1123 1250 General
SPAS 15271 DA GROVE IA 423625 0354933 1962 g 30 12.67 1329 General
SPAS_1504_1 PELICAN MOUNTAIN AB 55.5542 -113.6625 1970 6 26 1125 2733 General
SPAS 17381 HARLAN IA 41.7208 552125 1972 9 10 15.81 1368 General
SPAS 1302_1 VETERAN AB 51.8623 -110.4292 1973 6 13 956 21835 General
SPAS_1337_1 PARKMAN SK 49.7020 -101.8958 1985 8 3 1575 2080 General
SPAS 1206_1 BIG RAPIDS MI 43.6125 853125 1986 9 g 13.18 087 General
SPAS 17331 COLDWATER. MI 41.9625 -35.0042 1989 3 30 92 260 General
SPAS_1297 1 WARROAD MN 48.8750 -95.0850 2002 6 9 1462 1099 General
SPAS 10481 HOKAH MN 43.8125 013625 2007 8 18 18.26 1092 General

Table F.2 Short storm list used for PMP Development-hybrid storms. Maximum Total Rainfall is
the location with the largest rainfall accumulation for the total storm duration.

SPAS_ID Storm Name State Lat Lon Year Month | Day R::fxall Elevation | PMP_TYPE
SPAS_1699_1 HAYWARD WI 43.9038 -91.0958 1941 g 28 1533 1377 Hybrid (GL)
SPAS_1183_1 EDGERTON MO 404125 -05.5125 1965 7 18 20.76 013 Hybrid (GL)
SPAS_1723_1 LEONARD ND 46.3038 -97.3373 1975 6 29 20.66 1061 Hybrid (GL)
SPAS_1286_1 AURORA COLLEGE L 414373 -88.0699 1996 7 16 18.13 636 Hybrid (GL)
SPAS_1228 1 FALL RIVER K8 37.6300 -06.0300 2007 6 3 25.50 839 Hybrid (GL)
SPAS_1296_1 DULUTH MN 470150 -91.66350 2012 6 19 10.73 611 Hybrid (GL)

Table F.3 Short storm list used for PMP Development-local storms. Maximum Total Rainfall is the
location with the largest rainfall accumulation for the total storm duration.

SPAS_ID Storm Name State Lat Lon Year Month Day R::fxal.l Elevation | PMP_TYPE
SPAS 1426 1 COOPER. MI 423764 -83.6103 1914 8 31 1339 873 Local
SPAS 1521 2 BASSANO AB 50.7792 -112.5708 1923 5 29 172 2690 Local
SPAS 1427 1 BOYDEN IEY 431938 959938 1926 9 17 2422 1438 Local
SPAS_ 1736 1 STANTON NE 41.8208 -97.0292 1944 6 10 1749 1571 Local
SPAS 1434 1 HOLT MO 394542 943202 1947 6 18 1762 040 Local
SPAS 1734 1 THIEF RIVER FALLS MN 48.1623 -96.2623 1949 3 27 9.96 1146 Local
SPAS 1334 1 BUFFALO GAP SK 451146 -105.289%6 1961 3 30 10.50 2,600 Local
SPAS_1030_1 DAVID CITY NE 412132 -97.0710 1963 6 prs 1508 1627 Local
SPAS 134 1 GLEN ULLIN ND 473041 -101.3875 1966 6 24 12.87 1724 Local
SPAS_ 1200 1 WOOSTER OH 409146 -81.9729 1969 7 4 14935 1164 Local
SPAS 174 1 EAST TROUT LAKE SK 544375 -104.7542 1974 7 10 1232 1630 Local
SPAS_1035_1 FOREST CITY MN 452394 045404 1983 6 20 17.00 1082 Local
SPAS_1210 1 MINNEAPOLIS MN 44.88%3 -93.4021 1987 7 23 11.55 940 Local
SPAS_1673_1 HARROW ONT 420042 -82.9375 1959 7 19 17.74 600 Local
SPAS_1036_1 PAWNEE CREEK co 407732 -103.6233 1997 7 29 13.58 4497 Local
SPAS 1177 1 VANGUARD SK 499218 -1072100 2000 7 3 1529 2487 Local
SPAS_ 1726 1 TURTLE RIVER ND 479350 977350 2000 6 13 20.00 1224 Local
SPAS_1033_1 OGALLATA NE 41.1247 -101.7166 2002 7 6 1492 3213 Local
SPAS_1220_1 DUEUQUE IEY 42 4400 -20.7500 2011 7 27 15.14 902 Local
SPAS 17271 DEUMMOND WI 46.3150 914150 2018 6 14 17.33 1303 Local
SPAS_ 1728 1 CROSSPLAINS WI 43.1430 -89.6150 2018 8 21 162 1006 Local
SPAS 1720 1 FOUNTAIN MI 440350 -86.1850 2019 7 20 15.77 697 Local
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General Storms



Storm Precipitation Analysis System (SPAS) For Storm #1335_1
SPAS Analysis

General Storm Location: Ohio (45.0,-84.0,37.0,-77.5)
General Storm Location: Warrick, MT
Storm Dates: June 5-9, 1906
Event: Mid-latitude cyclone with embedded convection
DAD Zone 1
Latitude: 48.0791°
Longitude: -109.7041°
Max. grid rainfall amount: 348mm
Max. observed rainfall amount: 338mm (Warrick, MT)
Number of Stations: 50
SPAS Version: 9.5
Base Map Used: Digitized HMR Isohyetal Map (plus some manual edits)
Spatial resolution: 30 seconds (degree: minute: second, WGS84, ~ 0.3 mi2, 0.78 km?)
Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: Very strong winds accompanied this storm, especially the morning of June 6™ through the
morning of June 8", likely resulted in severe gauge under-catch. Only 5 hourly gauges (some estimated) were utilized,
therefore casting higher than usual uncertainly on the timing of precipitation during this large storm. The timing is
most reliable at 6-hour intervals; use caution with the 1-5 hour DAD results. Very few daily/supplemental stations
were available for this storm, so the precipitation magnitudes are somewhat uncertain as well. The results are
consistent with USACE/NWS analysis (MR 5-13) of this storm. This storm was analyzed as part of HMR55A. The
influence of orographically significant terrain near Warrick (and the wind-induced under-catch) justified a slight
increase in the measured storm maximum from 13.31” to 13.69”.



SPAS 1335 - June 5 (0700 UTC) - June 10 (0600 UTC), 1906
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi?) 1 3 6 12 18 24 48 54 72 96 120 Total
0.2 1.40 3.71 6.02 7.57 8.41 9.94 13.39 13.69 13.69 13.69 13.69 13.69
1 1.40 3.71 6.02 7.57 8.41 9.94 13.39 13.69 13.69 13.69 13.69 13.69
10 1.39 3.67 5.89 7.37 8.25 9.78 13.26 13.57 13.57 13.57 13.57 13.57
25 1.36 3.60 5.75 7.16 8.10 9.66 13.00 13.33 13.33 13.34 13.34 13.34
50 1.33 3.51 5.68 7.15 7.97 9.45 12.70 12.94 12.95 13.06 13.06 13.06
100 1.27 3.36 5.39 6.73 7.59 9.09 12.28 12.53 12.53 12.59 12.59 12.59
150 1.22 3.24 5.20 6.56 7.43 8.80 11.87 12.10 12.10 12.21 12.21 12.21
200 1.19 3.13 5.07 6.43 7.19 8.56 11.49 11.55 11.55 11.89 11.89 11.89
300 1.12 2.82 4.77 5.99 6.87 8.16 10.99 11.03 11.03 11.40 11.40 11.40
400 1.06 2.78 4.53 5.78 6.58 7.83 10.72 10.95 10.95 11.01 11.01 11.01
500 1.00 2.65 4.30 5.60 6.37 7.57 10.39 10.55 10.55 10.67 10.67 10.67
1,000 0.82 2.04 3.58 4.60 5.31 6.25 8.82 8.98 8.98 9.24 9.24 9.24
2,000 0.61 1.60 2.82 3.18 3.43 4.75 7.12 7.12 7.12 7.48 7.48 7.48
5,000 0.54 1.40 2.29 3.00 3.32 3.82 5.26 5.28 6.23 6.85 6.86 6.86
10,000 0.46 1.13 1.81 2.43 2.87 3.41 4.94 5.11 5.41 5.80 5.82 5.82
20,000 0.35 0.86 1.35 2.12 2.41 2.74 4.17 4.17 4.73 4.76 4.76 4.76
50,000 0.24 0.65 1.05 1.50 1.63 2.00 3.23 3.24 3.73 3.75 3.75 3.75
96,655 0.15 0.41 0.69 0.98 1.15 1.40 2.41 2.49 2.51 2.52 2.52 2.52

SPAS #1335 DAD Curves Zone 1
June 5-10, 1906
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Table 5.1.-—Representative persisting 12-hr 1000-mb storm and maximum dew points
for important storms in and near study region

Storm Storm Ty Ref. Loc. Max. Ty
No. Name 01ld New Datet+ 01d New 0ld New Stations
1. Ward District, CO 62 64 30  3258E  350SE 75 77 AMA, DDC
6. Boxelder, CO 60 60 4  350SE  320SE 72 74 DEN, PUB, DDC,
OKC, ICT
8. Rociada, NM 72 72 28 1708SE  300ESE 76 77 ABI, AMA
10, Warrick, MT 64 64 6 380ESE 380ESE 13 75 SN, PIR
13, Evans, MT 65 65 4  S510ESE SIOESE 75 76 BIS, RAP, PIR,
VTN, HON
86. May Valley, CO 67 67 18  4508SSE 450S8SE 76 76 AMA, ABI, FTW,
SAT
20. Clayton, NM 68 69 1 5508E 560SSE 76 77 SAT, DRT, CRP
23. Tajique, NM 69 69 21 80SE 160SSE 77 78 ELP, ROW
2:5. Lakewood, NM - 76 7 - 350SE - 79 DRT, SAT
27. Meek, NM 72 72 15 390ESE 400ESE 78 79 AMA, ABI, FTW,
OKC, SAT, GBK
30. Fry's Ranch, CO 56 63 15 550ESE 700SE 71 74 FWH, DAL
31. Penrose, CO 67 70 4  400SE  350S8E 77 77 AMA, OKC
32. Springbrook, MT 71 72 18 500ESE  370ESE 76 77 PIR, HON, FAR
35, Virsylvia, NM - 66 17 - 1208W - 77 ABQ
(Cerro)
38. Savageton, WY 68 72 28  550SE  5308E 75 76 FRI, CNK
44. Porter, NM 70 71 11  S540SE  380SE 78 77 DRT, AUS, FTW,
ABI
46, Kassler, CO 71 66 10 440SE  420SE 77 177 OKC, DDC
47, Cherry Creek, CO 72 71 30 540SE 560SE 76 79 ABI, ACT, FTW,
SPS
101.  Hale, CO 72 71 30  540SE  560SE 76 79 ABI, ACT, FTW,
SPS
48, Las Cruces, NM* =: 71 30 - - - 78 ELP
105. Broome, TX 77 77 14 350SSE 350SSE 78 80 CRP, BRO
53 Loveland, CO 71 71 1 180SE  210SE 76 76 PUB, GLD
55, Masonville, CO* - 65 10 - - - 74 AKO
108. Snyder, TX 3. 75 19 100SE  340SSE 78 79 SAT, CRP
56. Prairieview, NM 70 73 20 390SE  370SE 77 78 SAT, AUS
58, McColleum Ranch, 72 72 21 S50SE  300SE 77 79 ELP, DRT, SAT,
NM CRP
60. Rancho Grande, NM 74 75 31 250SE  250SE 77 78 LBB, BGS, ABI
66. Ft. Collins, CO 66 67 30 570SE  60D0SE 78 78 GAG, TUL
67. Golden, CO* 65 65 7 - 2 76 75 AMA

Note, this table is copied from HMR 55A and therefore units are in °F and miles.



Storm Precipitation Analysis System (SPAS) For Storm #1697 _1
SPAS Analysis

General Storm Location: lronwood, Ml
Storm Dates: July 19-23, 1909
Event: Synoptic
DAD Zone 1
Latitude: 46.4542
Longitude: -90.2064
Max. Grid Rainfall Amount: 13.41”
Max. Observed Rainfall Amount: 13.21”
Number of Stations: 128
SPAS Version: 10.0
Base Map Used: PRISM_ppt_basemap_full
Spatial resolution: 0.2293
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: This analysis was based on 128 hourly pseudo stations, daily data and supplemental station
data. We have a good degree of confidence for the station based storm total results. The spatial pattern is dependent
on the PRISM basemap. Timing is based on the hourly pseudo stations. Several daily stations were moved to

supplemental due to timing issues and to ensure data consistency.



Storm 1697 - July 19 (0700 UTC) - July 24 (0600 UTC), 1909
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Area (mi?) Duration (hours)
1 2 3 4 5 6 12 18 24 36 48 72 96 120 Total
04 1.51 2.61 3.55 4.1 4.51 5.06 6.67 6.73 9.79 11.81 12.49 13.14 13.37 13.37 13.37
1 1.51 259 3.53 4.09 4.50 504 6.63 6.70 9.74 11.76 12.44 13.08 13.31 13.31 13.31
10 1.49 255 3.49 4.04 4.44 498 8.55 6.62 9.62 11.62 12.28 12.93 13.16 13.16 13.16
25 1.49 253 3.47 4.01 4.42 4.96 6.52 6.59 9.57 11.57 12.22 12.87 13.10 13.10 13.10
50 1.47 252 3.46 4.00 4.41 494 6.50 6.57 954 11.53 12.17 12.83 13.05 13.05 13.05
100 1.45 251 343 3.96 434 487 6.44 6.48 9.46 11.40 12.02 1269 1291 12.91 12.91
150 1.44 248 3.38 3.91 4.30 4.82 6.36 6.41 9.33 11.26 11.88 12.53 12.75 12.75 12.75
200 1.42 245 3.35 3.86 424 476 6.29 6.33 924 11.13 11.74 12.39 1261 12 61 12 61
300 1.39 2.39 3.27 3.77 415 465 6.14 6.19 9.01 10.88 11.47 1211 12.33 12.33 12.33
400 1.35 2.34 3.19 3.68 4.05 4.54 5.99 6.04 8.80 10.62 11.20 11.83 12.04 12.04 12.04
500 1.33 229 3.12 360 3.96 4.44 586 591 8.61 10.38 10.95 11.57 11.79 11.79 11.79
1,000 1.20 2.07 2.83 3.26 358 4.01 529 534 778 9.40 9.91 10.49 10.69 10.69 10.69
2,000 1.08 1.82 2.50 2.87 3.17 3.54 4.65 4.70 6.86 8.29 8.74 9.33 9.58 9.58 9.58
3,500 094 1.61 223 254 283 3.14 408 415 6.07 7.36 778 8.46 873 874 874
5,000 0.86 1.48 2.06 234 261 288 372 381 557 6.78 717 7.96 823 823 823
7,500 0.76 1.35 1.88 2.14 2.37 2.60 328 3.45 5.00 6.11 6.52 7.33 780 7.60 7.60
10,000 0.68 1.25 1.75 201 221 241 299 321 458 562 6.04 6.92 718 7.18 7.18
15,000 058 1.12 1.55 1.81 2.00 215 261 287 3.92 490 533 6.21 6.47 6.47 6.47
20,000 0.54 1.00 1.38 1.63 1.80 1.94 2.36 2.59 3.46 4.42 4.80 5.74 5.97 5.99 5.99
35,000 043 0.76 1.05 1.26 142 1.52 1.90 2.08 257 3.43 3.78 468 4.87 4.88 4.88
50,000 0.34 0.61 0.82 1.03 120 1.26 163 1.78 2.05 284 3.17 391 407 4.08 408
65,546 0.28 0.49 0.68 0.85 1.00 1.06 1.36 1.48 1.70 2.36 2.61 3.24 3.37 3.38 3.38
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Remarks: Rainfall Data only
for Irormood, Mich, comter
Dewpt, 70° - Ref, Pt., 275 SOW
: Geid B.12

OMPI

(Number of Shests)

o L

MAXIMUM AVERAGE ODEPTH -OF RAINFALL IN INGHE
Area in 3q. Mi. Duration of Rainfall in_Hours

6 {12 |18 [ 2 | 30 | 36 | 48 | 60 | 72 | 96 |108
10 | 5.2 |[6.3 [6.7 [%.6 |11.1 |11.7|12.1|12.8[ 13.2 |13.2 | 13.2
100 S.l |6.2 |&.5 |9. 10,8 |11.4 |11.8 | 12,5 | 12.9 | 12.9 | 12.9
200 | L.6 |6.0 |6.3 |9. 10,5 |1l.1 |11.5 | 12,1 | 12,5 |12.5 | 12.5
500 | 3.9 5.5 |5.8 |7.9 | .8 |1lo.1 (10,7 )12,2 ) 11,.5(11.5|11.5
1,000 | 3.2 |5.0 |5.3 (6.9 | 9.0 | 9.3 | 9.7 (10,3 | 10.5 | 10.5 | 10.5
E,D:.'ID 2.3 hoh hl6 &-ﬂ Tip Blz B'T 9-2 F!S 9-5 9!5
5,000 | 2.3 |3.6 |3.8 |5.0 | 6.5 | 6.B| 7.2 | 7.8| 8.0| 8.0 8.0
10,000 2.1 |3.2 |3} |L.2 5.5 | 5.6 6.0 6.5 6.7 | 6.9 | 6.9

form 5-2
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SPAS 1697 Ironwood, Ml Storm Analysis (UMV 1-11B)
July 18-23, 1909
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Storm Precipitation Analysis System (SPAS) For Storm #1336_1
SPAS Analysis

General Storm Location: Springbrook, Montana
Storm Dates: June 17-21, 1921
Event: Mid-latitude cyclone
DAD Zone 1
Latitude: 47.3642°
Longitude: -105.7778°
Max. grid rainfall amount: 386mm
Max. observed rainfall amount: 383mm (SPRINGBROOK MT)
Number of Stations: 98
SPAS Version: 9.5
Base Map Used: Based on digitized HMR 55A Isohyetal Map (storm total)
Spatial resolution: 30 seconds (degree: minute: second, WGS84, ~ 0.3 mi?, 0.78 km?)

Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: There were no digitized hourly data available, so hourly data for the five stations used in
the analysis were derived from mass curves in the USACE report. Because of the nature of the data, DAD results
for shorter than 6-hours may be less reliable (previous studies do not provide results for less than 6 hours). That
said, the DAD results for 6 hour and longer are consistent with those from HMR55A and USACE. Because there
are very few stations located near the center of the storm, confidence is low regarding the spatial pattern near the

center but storm magnitudes are reliable.



SPAS 1336 - June 16 (0800 UTC) - June 22 (0700 UTC), 1921

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

Area (miz) 1 3 6 12 18 24 36 48 72 96 120 144 Total
0.2 2.62 7.57 10.85 11.77 13.29 13.60 14.46 14.51 14.81 15.11 15.20 15.20 15.20
1 2.62 7.57 10.85 11.77 13.29 13.60 14.46 14.51 14.81 15.11 15.20 15.20 15.20
10 2.62 7.55 10.82 11.62 13.26 13.52 14.40 14.41 14.64 14.88 15.17 15.17 15.17
25 2.60 7.52 10.77 11.59 13.20 13.48 14.34 14.36 14.61 14.86 15.12 15.12 15.12
50 2.58 7.46 10.69 11.54 13.11 13.40 14.25 14.29 14.55 14.81 15.03 15.03 15.03
100 2.55 7.35 10.54 11.42 12.64 13.23 14.07 14.15 14.44 14.73 14.85 14.85 14.85
150 2.52 7.27 10.42 11.27 12.61 13.09 13.78 13.82 14.06 14.55 14.63 14.70 14.70
200 2.49 7.18 10.30 11.17 12.59 12.95 13.71 13.77 14.02 14.43 14.52 14.55 14.55
300 2.44 7.04 10.10 10.80 12.24 12.69 13.36 13.40 13.72 14.14 14.22 14.29 14.29
400 2.39 6.90 9.90 10.70 11.94 12.46 13.23 13.30 13.60 13.94 14.04 14.07 14.07
500 2.35 6.77 9.72 10.47 11.85 12.24 12.92 12.97 13.28 13.73 13.86 13.86 13.86
1,000 2.14 6.16 8.88 9.49 10.79 11.18 11.97 12.07 12.59 12.88 13.04 13.04 13.04
2,000 1.76 5.03 7.35 8.03 9.01 9.29 9.74 10.75 11.23 11.74 11.88 11.88 11.88
5,000 1.24 2.87 4.50 5.00 5.52 6.19 7.06 8.22 9.02 9.59 9.73 9.73 9.73
10,000 0.74 2.01 3.09 3.67 4.55 4.97 5.24 6.52 7.00 7.57 7.88 7.88 7.88
20,000 0.51 1.01 1.31 2.73 2.84 2.89 3.77 4.81 5.18 5.31 6.37 6.44 6.44
50,000 0.28 0.47 0.87 1.34 1.42 1.50 2.63 3.17 3.57 3.79 4.31 4.35 4.35
138,316 0.13 0.28 0.42 0.71 0.92 0.97 1.26 1.61 2.04 2.12 2.14 2.14 2.14
SPAS #1336 DAD Curves Zone 1
June 16-22, 1921
1,000,000
—4—1-hour
3-hour
—=—=6-hour
100,000 - 12-hour
18-hour
==w==24-hour
10,000 === 36-hour
=—t—148-hour
—_ el 7 2-hoUur
o
é 1,000 ==t==06-hour
4 —8—120-hour
‘E 144-hour
O Total storm (144-hour)
100
10

Maximum Average Depth of Precipitation (inches)




Incremental Precipitation (in)
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Total 96-hr Precipitation (inches)
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Table 5.1.——Representative persisting 12-~hr 1000-mb storm and maximum dew points
for important storms in and near study region

Storm Storm Ty Ref. Loc. Max. Ty
No. Name 01d New Date+ 0l1d New 0ld New Stations
1 Ward District, CO 62 64 30 3258E  350SE 75 77 AMA, DDC
6. Boxelder, CO 60 60 4 3508E  320SE 72 74 DEN, PUB, DDC,
OKC, ICT
8. Rociada, NM 72 72 28 1708SE  300ESE 76 77 ABI, AMA
10, Warrick, MT 64 64 6 380ESE 380ESE 73 75 1ISN, PIR
13. Evans, MT 65 65 4 510ESE 510ESE 75 76 BIS, RAP, PIR,
VTN, HON
86. May Valley, CO 67 67 18  4508SE 450S8SE 76 76 AMA, ABI, FTW,
SAT
20. Clayton, NM 68 69 1 550SE  S560SSE 76 77 SAT, DRT, CRP
23. Tajique, NM 69 69 21 80SE 160SSE 77 78 ELP, ROW
25 Lakewood, NM - 76 7 - 350S8E - 79 DRT, SAT
2% Meek, NM 72 72 15 390ESE 400ESE 78 79 AMA, ABI, FTW,
OKC, SAT, GBK
30. Fry's Ranch, CO 56 63 15 550ESE 700SE 71 74 FWH, DAL
ik Penrose, CO 67 70 4 400SE 3508E 77 17 AMA, OKC
F i Springbrook, MT Gl w2 18  S00ESE 370ESE /76 77 PIR, HON, FAR
35. Virsylvia, NM - 66 17 - 1208w - 77 ABQ
(Cerro)
38.  Savageton, WY 68 72 28  S550SE  530SE 75 76 FRI, CNK
44, Porter, NM 70 71 11 540SE  380SE 78 77 DRT, AUS, FTW,
ABI
46, Kassler, CO 71 66 10 440SE  420SE 77 77 OKC, DDC
47, Cherry Creek, CO 72 71 30 540SE 560SE 76 79 ABI, ACT, FTW,
SPS
101. Hale, CO 72 71 30 540SE  560SE 76 79 ABI, ACT, FTW,
SPS
48, Las Cruces, NM* oA | 30 - - - 78 ELP
105, Broome, TX T IT 14  350SSE 350SSE 78 80 CRP, BRO
53. Loveland, CO 71 71 1 180SE  210SE 76 76 PUB, GLD
55, Masonville, CO* -~ 65 10 B - - 74 AKO
108. Snyder, TX 3 12 19 100SE  3408SE 78 79 SAT, CRP
56. Prairieview, NM 70 73 20  390SE  370SE 77 78 SAT, AUS
58, McColleum Ranmch, 72 72 21 S50SE  300SE 77 79 ELP, DRT, SAT,
NM CRP
60. Rancho Grande, NM 74 75 31 250SE  250SE 77 78 LBB, BGS, ABI
66. Ft. Collins, CO 66 67 30 570SE 600SE 78 78 GAG, TUL
67. Golden, CO* 65 65 7 - = 76 75 AMA

Note, this table is copied from HMR 55A and therefore units are in °F and miles.



Storm Precipitation Analysis System (SPAS) For Storm #1325 1
SPAS Analysis

General Storm Location: Savageton, Wyoming
Storm Dates: Sept. 27-Oct. 1, 1923
Event: Mid-latitude cyclone
DAD Zone 1
Latitude: 43.8458°
Longitude: -105.8042°
Max. grid rainfall amount: 446mm
Max. observed rainfall amount: 434mm (SAVAGETON WY)
Number of Stations: 111
SPAS Version: 9.5

Base Map Used: Based on digitized HMR Isohyetal Map (storm total Sept. 27-Oct. 1, 1923) and PRISM Sept/Oct

monthly mean maps

Spatial resolution: 30 seconds (degree: minute: second, WGS84, ~ 0.3 mi?, 0.78 km?)
Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: The complex terrain and limited number of hourly and daily data near the primary small storm
center diminish the reliability of these results. In particular, there were only 5 hourly stations and their hourly data
were estimated from USACE’s smoothed mass rainfall curves. We theorize that the hourly data at these storm
centers were estimated by USBR based on information (non-gauge data) available to them at the time. However,
given this was a synoptic storm with large areas of nearly continuous precipitation (rainfall), it's believed the temporal
distribution of precipitation is fairly reliable. The use of the U.S. Army Corps of Engineers’ isohyetal pattern coupled
with the monthly mean maps for September and October provides some confidence in the spatial patterns and
magnitudes of precipitation. Lastly, orographic effects (accounted for in the PRISM maps) have created a maxima
in the grid (17.56”) that is slightly higher than the maximum observed at a station (17.10”) in the storm center; the
effect at the storm center was constrained by editing the basemap.



SPAS 1325 - September 26 (0800 UTC) - October 2 (0700 UTC), 1923
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi%) 1 3 6 12 18 24 36 48 72 96 Total
0.2 1.24 3.65 4.59 8.56 9.97 10.32 16.37 17.43 17.56 17.56 17.56
1 1.24 3.64 4.49 8.56 9.97 10.32 16.36 17.42 17.55 17.55 17.55
10 1.22 3.57 4.47 8.52 9.92 10.26 16.28 17.33 17.46 17.46 17.46
25 1.19 3.46 4.43 8.44 9.83 10.17 16.14 17.18 17.31 17.31 17.31
50 1.14 3.39 4.36 8.32 9.55 9.99 15.91 16.60 16.99 17.07 17.07
100 1.12 3.26 4.24 8.09 9.28 9.71 15.47 16.14 16.43 16.60 16.60
150 1.09 3.20 4.14 7.88 9.15 9.49 15.08 16.03 16.17 16.19 16.19
200 1.07 3.13 3.96 7.69 8.92 9.26 14.73 15.55 15.74 15.83 15.83
300 1.02 2.98 3.80 7.35 8.54 8.86 14.00 14.96 15.18 15.20 15.20
400 0.96 2.69 3.66 7.05 8.13 8.49 13.46 14.40 14.66 14.71 14.71
500 0.90 2.50 3.63 6.53 7.67 8.14 12.88 13.87 14.23 14.32 14.32
1,000 0.72 1.91 2.91 5.79 6.66 6.66 11.31 11.97 12.24 12.58 12.58
2,000 0.65 1.53 2.65 3.86 4,48 5.30 8.63 9.22 9.81 10.34 10.34
5,000 0.54 1.21 1.99 3.16 3.64 3.92 5.82 6.48 7.57 7.64 7.64
10,000 0.44 1.08 1.77 2.66 3.05 3.53 4,78 5.20 5.20 7.19 7.19
20,000 0.35 0.79 1.37 2.26 2.71 3.01 3.83 4.43 5.02 5.81 5.81
50,000 0.20 0.58 0.96 1.52 1.97 2.32 2.81 3.37 3.47 4.69 4.69
136,442 0.11 0.29 0.52 0.90 1.12 1.35 1.74 211 2.52 2.87 2.87

SPAS #1325 DAD Curves Zone 1
September 26 - October 2, 1923

1,000,000
—a— 1-hour
3-hour
—=—6-hour
100,000 4 12-hour
18-hour
== 24-hour
10,000 i === 36-hour
== 48-hour
= =8=T12-hour
é 1,000 | === 0G-hour
g O Total storm (96-hour)
<
100 -
10
1

Maximum Average Depth of Precipitation (inches)
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SPAS 1325 Savageton, WY Storm Analysis
September 26-29, 1923

108°W 106"W 104"W

Miles
Hysplit 0 270 540 1,080




Page 46 of 329

Storm Precipitation Analysis System (SPAS) For Storm #1433 1
SPAS Analysis

General Storm Location: Collinsville, Illinois (40.0, -91.5, 36.9, -87.3)
Storm Dates: August 13 — August 16, 1946
Event: Extreme Precipitation Event
DAD Zone 1
Latitude: 38.6708
Longitude: -90.0042
Max. Grid rainfall amount: 19.07”
Max. Observed rainfall amount: 19.07” (Collinsville, IL)
Number of Stations: 166
SPAS Version: 10.0
Base Map Used: Derived basemap based off of SPAS analysis
Spatial resolution: 0.2596
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: In addition to the NCDC stations, twenty-four supplemental stations were added
to ensure data consistency. Due to the amount and integrity of the U.S. Army Corps of Engineers
(USACE), three hourly stations were added based on the mass rainfall curves. Three hourly stations
were also added from local climatology from NCDC. With the density of stations available and the
consistency of the resulting SPAS analysis to the U.S. Army Corps of Engineers report, this analysis is

deemed quite reliable.
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Storm 1433 - August 13 (0700 UTC) - August 17 (0600 UTC), 1946
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Area (mi%) Duration (hours)
1 6 12 18 24 30 36 48 60 72 96 Total
0.4 272 6.39 10.49 12.56 13.07 14 .60 17.28 18.15 18.69 18.70 19.02 19.02
1 272 6.36 10.44 12.49 12.99 14.53 17.18 18.05 18.60 18.60 18.92 18.92
10 2.69 5.28 10.31 12.30 12.81 14.33 16.96 17.82 18.36 18.37 18.67 18.67
25 268 6.09 10.02 12.00 12.47 13.94 16.56 17.42 17.97 17.97 18.36 18.36
50 2.66 5.82 9.65 11.54 11.99 13.38 16.16 17.04 17.58 17.59 18.05 18.05
100 2.61 5.63 9.09 10.81 11.23 12.89 15.72 16.59 17.12 17.16 17.75 17.75
200 2953 5.50 8.49 10.04 10.42 12 .46 15.14 15.98 16.53 16.64 17.42 17.42
300 245 5.37 814 9.56 9.95 12.16 1470 15.52 16.13 16.26 17.21 17.21
400 2.38 5.23 1.85 922 9.61 11.91 14.36 15.16 15.80 15.99 17.06 17.06
500 2.33 5.10 761 8.97 9.33 11.67 14.05 14.86 15.54 15.81 16.86 16.86
1,000 216 458 5.82 8.03 8.34 10.91 13.02 13.82 14 .65 15.08 16.08 16.08
2,000 1.95 404 592 6.97 7.25 9.96 11.78 12.57 13.42 13.91 14.90 14.90
5,000 1.61 3.10 473 5.95 5.77 8.00 9.44 10.21 10.76 11.28 12.14 12.14
10,000 1.22 224 3.58 421 4.39 6.04 712 7.90 8.15 5.68 9.35 9.35
20,000 0.71 1.51 2.37 275 3.09 418 494 5.66 5.84 6.21 6.64 6.64
SPAS #1433 DAD Curves Zone 1
August 13 - August 17, 1946
100,000 S
——§-hour
—r—12-hour
10,000 - 18-hour
Z4-hour
=—r—30-hour
- 1,000 - 38-hour
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"
@ —— B0-hour
=L 100 4
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—— S5-hour
Total sterm (96-
10 hour)
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August 13 (0700UTC) to August 17 (0600UTC), 1946
Lat: 38.6708 Lon: -90.0042
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DEPARTMINT OF THE ARMY CORPS OF EMGINEERS

STORM STUDIES -~ PERTINENT DATA SHEET
MG W gnee

Storm of 12-16 August 1946
nment MR 7-2B
mi“ m-,l].l.,lm, & K].

udy AP DY varrey
Division
St, Louis District

Part I Reviewed by H.M. Sec. of
Weather Bureau, /8/49

Part II Approved by Office, Chief
of Engineers for Distribution
of Factual Data, 3/20/50

Remarks: Center near

Collinaville, Ii1,
Dewpt. 74° Ref, Pt., 225 §

AEGEND
;=++y Ares covared by
L...! final isohyetal map.
Ares incloses by

% ~Inch Isohyet. !QS ﬂIIQN MAP ! Grid P-12
N MP T P
PART I
Preliminary isohyetal map, in 1 sheet , scale 1: 1,000,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. dota)_ _ . . o oo cemncmnna 58
Form 500i-8 (24-hour * LI e — -
Form 5001-D (* * . N R el S ol S - 16
Miscl. precip. records, meteorological data, etc.. . _ . 15
Form 5002 (Mass rainfall curves). . _ .. . e emeane 44
PART I

Final isohyetal maps,in 1 sheet , scale 1: 1,000,000
Data and computation sheets:

Form S-10 (Data from mass rainfaill curves). _._________.._._ 5
Form S-11 (Depth-arca data from isohyetal map) .o 3
Form $-12 (Maximum depth-duration data). ... e 7
Maximum duration~depth-area curves. . ... .. ccce- e 1
Data relating to periods of maximum rainfall . . . ____ 2
MAXIMUM AVERAGE DEPTH_OF RAINFALL IN _INCHES
Area in Sq. Mi. Duration of Rainfall in Hou

6 12 118 2, 130 ]36 |48 [60 172 [96 | 114

Max, Sta, 6,4 Rpo.2 p2.% 2,7 N4 (18,0 p8.1 (18,6 (18,7 [19.4 | 19.5

10 | 6,0 |9.8 fi2.1 p2.1 3.7 17.5 Q7.6 jp&.3 (18,3 |18.9 | 19,0

100 |5.6 | 8.2 po.9 P1.1 [12.2 )16.6 116.7 [17.5 |17.6 [13.0 | 18.1

200 | 5.4 | 8.2 0.5 PpoO.6 3.0 16.2 16,3 17.2 117.3 |17.7 | 17.8

500 | 5.2 | 7.7 | 9.7 | 9.9 2.8 15.5 ]15.6 [16,7 |16.9 |17.1 | 17.2

1,000 |4.9 |7.0 [8.9 [9.0 h2.6 a7 a8 15,9 116.0 [16.3 | 16,4

2,000 (4.3 (6.1 | 7.6 | 7.8 Pl.2 N13.3 [13.4 [24.3 |14.3 [14.6 | 14.7

5,000 (3,3 14.8 | 5.9 | 6.0 | 8.6 |10.4 RO.G 11.3 [11.4 |11.6 | 11.8

10,000 [ 2.4 | 3,7 | 4.5 | 4.6 | 6.6 | 8.0 | 8,2 | 8.7 | 8.8 | 9.0 9.1

20,000 (1.5 | 2,5 | 3.1 [ 3.2 | 4.5 | 5.6 | 5.8 | 6.0 | 6,1 | 6.3 6.5

20,400 1.5 | 2.5 | 3.1 | 3.2 |45 | 5.5 | 5.7 | 6.0 | 6.1 | 6.3 6.4
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SPAS 1433 Collinsville, IL Storm Analysis
August 14-15, 1946
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Storm Precipitation Analysis System (SPAS) For Storm #1583 1
SPAS Analysis

General Storm Location: Kansas, Oklahoma, Nebraska, Colorado, lowa, Missouri, Arkansas
Storm Dates: July 9-13, 1951
Event: Hurricane Georges
DAD Zone 1
Latitude: 38.65
Longitude: -96.62
Max. Grid Rainfall Amount: 18.56”
Max. Observed Rainfall Amount: 18.50
Number of Stations: 985
SPAS Version: 10.0
Base Map Used: conus_prism_ppt_in_1971 2000_07
Spatial resolution: 00:00:30 (0.3 sq. miles)
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data (H), hourly pseudo data (HP), daily data (D)
and supplemental data (S). We have a high degree of confidence in the station based storm total results.

The spatial pattern is dependent on basemap, and the timing is based on hourly and hourly pseudo stations.
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Storm 1583 Zone 1 - Jul. 9 (0700 UTC) - Jul. 14 (0600 UTC), 1951
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
areasqmi 1-hr 2-hr 3-hr 4-hr 5-hr 6-hr 12-hr 18-hr | 24-hr | 30-hr | 36-hr | 48-hr [ B0-hr | 72-hr [ 96-hr | 108-hr | 120-hr | Total
0.3 2.44 3.18 4.95 4.97 4.97 5.1 7.97 8.62 9.35 1211 | 1414 | 1533 | 1841 | 1856 | 1856 | 1856 | 18.56 | 18.56
1 2.44 3.18 4.94 4.97 4.97 5.11 7.97 8.62 9.35 12.11 14.14 15.33 18.40 18.55 18.55 18.55 18.55 18.55
10 2.44 3.18 4.94 4.96 4.96 5.08 7.92 8.57 9.29 12.03 14.05 15.23 18.33 18.48 18.48 18.48 18.48 18.48
25 2.42 3.7 4.92 4.95 4.95 5.03 7.84 8.48 9.19 11.91 | 13.90 | 15.08 | 18.21 | 18.37 | 18.37 | 18.37 | 18.37 | 18.37
50 2.4 3.16 4.90 4.92 4.93 4.93 7.59 8.1 8.77 11.56 | 13.57 | 14.70 | 17.76 | 18.14 | 18.14 | 18.16 | 18.16 | 18.16
100 2.33 3.12 4.85 4.88 4.88 4.89 7.14 7.71 8.30 10.73 | 12.62 | 1365 | 17.20 | 17.63 | 17.63 | 17.64 | 17.64 | 17.64
150 2.25 3.07 4.77 4.79 4.79 4.80 6.84 7.55 8.17 1047 | 11.85 | 13.31 | 16.68 | 1717 [ 17.17 | 17.18 | 17.18 | 17.18
200 2.18 2.99 4.65 4.67 4.67 4.69 6.71 7.23 7.89 9.90 1117 | 12.96 | 16.00 | 16.68 | 16.68 | 16.73 | 16.73 | 16.73
300 2.04 2.78 4.36 4.38 4.38 4.38 6.58 7.14 7.55 9.41 10.57 | 12.23 | 1547 | 1567 | 1567 | 16.19 | 16.19 | 16.19
400 2.00 2.68 4.04 4.07 4.08 4.17 6.48 7.04 7.45 9.25 10.36 | 11.74 | 15.00 | 1545 | 1545 | 15.69 | 1569 | 15.69
500 1.95 2.58 3.79 3.79 3.93 4.17 6.37 6.95 7.3 8.98 1011 | 11.54 | 1460 | 14.77 | 1512 | 15.29 | 15.29 | 15.29
1,000 1.77 2.19 2.65 3.15 3.55 4.05 5.95 6.43 6.87 8.21 9.51 10.71 | 13.37 | 13.75 | 13.76 | 14.38 | 14.38 | 14.38
2,000 1.52 1.90 2.29 2.72 3.25 3.81 5.42 5.94 6.34 7.37 8.96 9.32 1226 | 12.67 | 12.73 | 13.36 | 13.36 | 13.36
5,000 1.13 1.42 1.76 2.43 2.59 3.04 4.69 5.26 5.45 6.24 7.69 8.24 1079 | 1153 | 1154 | 1183 | 11.83 | 11.83
10,000 0.67 1.12 1.51 2.02 2.33 2.56 4.1 4.58 4.7 5.66 6.61 .77 9.51 10.25 | 10.31 | 10.51 | 10.51 | 10.51
20,000 0.44 0.78 1.12 1.48 1.72 1.90 3.37 3.83 3.93 4.84 5.78 599 7.83 8.58 8.66 8.89 8.90 8.90
50,000 0.28 0.52 0.75 0.92 1.12 1.26 2.15 2.56 2.56 3.08 3.60 4.89 5.21 5.44 5.89 6.37 6.37 6.37
57,000 0.26 0.43 0.69 0.87 1.05 1.23 2.01 2.41 2.41 3.01 3.56 4.60 4.60 4.89 5.67 6.1 6.11 6.11
100,000 0.13 0.26 0.43 0.56 0.68 0.77 1.38 1.38 1.38 1.51 2.00 2.25 3.20 3.63 4.16 4.48 4.49 4.49
200,206 0.09 0.16 0.23 0.30 0.38 0.44 0.79 0.99 1.06 1.29 1.53 1.79 2.20 2.38 2.66 2.67 2.68 2.68

SPAS #1583 DAD Curves Zone 1
July 9-13, 1951
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SPAS 1583 Storm Center Mass Curve Zone 1
July 9 (0700UTC) to July 14 (0600UTC), 1951

Lat: 38.6458 Lon: -96.6208
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102°wW 102°wW 101°wW 100°W 8Lotw 8w 7w 98w 96°W 94twW 8w «ectw Nn*w

102°wW 101°W 100°W °9o°wW |*wW oW °|*wW %W 94*wW 82w €2*w

Total Storm (120-hours) Precipitation (inches)

Gauges JUIy 9'13, 1951

o Daily SPAS 1583 Council Grove, KS (MR 10-2)
E Hourly I

E Hourly Pseudo 0 5% 110 220

o Supplemental o_ﬂzﬁzﬁsgnomﬁm

Precipitation (inches)

IN001-100[ ]501-6.00 []10.01-11.00 [ 15.01 - 16.00
I 101-200[_]6.01-7.00 [11.01-12.00 []16.01-17.00
[201-300[]7.01-800 [ 12.01-13.00[_ ]17.01-18.00
[1301-400["801-9.00 [N 13.01-1400[__]18.01-19.00
[]401-500["79.01-10.00 M 14.01 -15.00

2/9/2018



DEPARTHENT OF THE ARMY CORPS OF ENWG IMEERS

STORM STUDIES -~ PERTINENT DATA SHEET
Storm of 9-13 July 1951

i Rt i Assignment MR 10-2
Location Kans., Nebr, Mo,
Study Pre
V.tsgcvmri var Blvislon

[ 18,67} Kanaas City District Office

Part I Reviewed by H. M. Sec. of
Weather Bureau, 10/29/51
Part II Approved by Office, Chlef

of Engineers for Distribution

~LEGEND~ of Factual Data,12/10/52
weey A d + Cent:
[ }fm ﬁh:y::‘d.:u’ Ra':\m"ckisl' Qg;v:r,nms.
Dewpt, 73°F-Raf.Pt, 205 SSW
O Sncnlsoyet. | OCATION MAP hioi- &5 .
DATA AND COMPUTATIONS COMPILED
PART I
Preliminary [sohyetal map, in 1 sheet , scale 1; 1,000,000
Precipitation data and mass curves: {Numbar ef Sheets)
Form 5001-C (Hourly preclp. dafl) ......................
form SO0I=B.(Pdehour ® ¥ } i ciinasranononcaus -
Form 5001-D (« * » . ) ______________________ 2
Miscl. precip. records, meteoralogical data, efc.. . ____ 151
Form 5002 (Mass rainfall curves). . e e 61
BART XX

Final isohyetal maps,In 1 sheet , scale 1: 1,000,000
Data and computation sheets:

Form S-I0 (Data from mass rainfall curves)___________._ ww 7
Farm S-i1 (Depth-ares data fram isohyetal map). ... ... 2
Form S$-12 (Maximum depth-duration data). ... ______ 11
Maximum duration=depth-area curves_ _________________. 1
Data relating to perlods of maximum rainfall - _ . __.___ 6
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in 5q. MI. Duration of Rainfall in Hour:

6 12 18 24 30 36 48 60 72 96 108

Max. Statiog 5,8 | 7,5 | 8.2 | 9.3 |13.1 |13.5 u.q 17.9 | 18.5 | 18.5 [ 18.5

10| 5.3|7.0| 7.9 | 86 |11,8 |13.1 | 14.3|17.2|18.2 |18.2 |1B.2

100 | 4.7 | 6.4 | 7.4 | 7.9 |10.6 |12.4 | 13.8[16.3 | 17.5 |17.5 | 17.5

200 | 4.6 | 6.2 | 7.2 | 7.5 |10,2 |12,0 | 12.3]15.9 | 17.0 |17.0 | 17.0

500 | 4.3 | 5.8 6,7 | 7.0 9.5 [11.3 | 12,4]/15.0 | 16,2 | 16,2 | 16.2

1,000 | 4,0 | 5.5 | 6.3 | 6.6 | 9.0 |10.5 | 11.5|14.2 | 15,5 |15.5 [15.5

2,000 | 3,8 | 51| 5.9 | 6,2 | 8.3 | 9,6 | 10,5/13.1 | 14.6 | 14.6 | 14.6

5,000 | 3.4 | 4e5 | 5.1 | 5.4 | 7.2 | 844 9.3]11.7 | 13.0 |13.1 | 13.1

10,000 | 2.9 | 3.9 | 4¢b | 48 | 6.2 | 7.3 8,2|10.4 | 11,4 [11,5 |11.5

20,000 | 2,4 | 3.2 | 3.7 | 4.1 | 5.1 | 6.1 6.9| B.6| 9.4 9.6 | 9.6

50,000 | 1.3 | 2.0 | 2.5 | 2.8 | 3.4 | 4.0 | 47| 5.8 6.3 | 6.5 6.5

& 1.1 | 2.7 | 2.3 | 2.5 | 3.0 | 3.8 4.4] 5.4 5.9 | 6.0 6.0

Form S-2
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DEPARTMENT OF THE ARMY CORPS OF ENGINEERS
STORM STUDIES - ISOHYETAL MAP
Storm of __8=13 July 1951 Assignment MR 10-2
Study Prepared by as C Mo, Distrioct

Missouri River Division

Storm Period_108_hours

SCALE
from_12 M & July ;
fo__ 12 N I8 July 19,000,000
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Source ¥ at 3866 N 96.49 W

hPa
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 11 Jul 51
CDC1 Meteorological Data

'_..-II :
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"
650
700 700
790
800
850 850
— 350
966 *“—-1—l—-—.-—-.—_1 : bl x r—l'_._:g___—: 1000
06 UIU 18 12 086 DID 18 12 08 DID 18 12
0711 0710 07/09
This is not a NOAA product. It was produced by a web user.
Job ID: 351702 Job Start: Tue Jun 5 14:03:56 UTC 2012
Source 1 lat.: 38.66 lon.: -96.49 hgts: 0, 1100, 2740 m AGL
Trajectory Direction: Backward uration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 01 Jul 2051 - reanalysis
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SPAS 1583 Council Grove (MR 10-2) Storm Analysis
July 9-11, 1951

108°W 104°W 102°wW 100°W 98*W 8w %4t w 2w 20°W 88*wW

Storm Center
-96.62, 38.65

106°W 104w
Hysplit
@ Surface ® 850mb @ 700mb
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Storm Precipitation Analysis System (SPAS) For Storm #1527 1
SPAS Analysis

General Storm Location: Ida Grove, IA
Storm Dates: August 28-31, 1962
Event: Synoptic
DAD Zone 1
Latitude: 42.3625
Longitude: -95.4958
Max. Grid/Radar Rainfall Amount: 12.67”
Max. Observed Rainfall Amount: 12.05”
Number of Stations: 462
SPAS Version: 10.0

Base Map Used: Blend_sm — EPRI storm 19 isoheytal pattern (20%) and us_ppt_1962_08_in_sum
(80%)

Spatial resolution: 30 seconds
Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes
Reliability of Results:

This storm was originally analyzed as part of the Electric Power Research Institute (EPRI) Probable
Maximum Precipitation Study (EPRI Storm 19). This analysis was based on an abundance of hourly data,
daily data and supplemental station data. We have a good degree of confidence for the station based storm
total results. The spatial pattern is dependent on the basemap, a blend between the EPRI storm isohyetal
pattern and the PRISM August 1962 precipitation climatology (us_ppt_1962_08). There is a high degree of
confidence with the timing based on the several hourly and hourly pseudo stations. Some daily stations
were moved to supplemental due to timing issues. Additional details can be found in the “read_me_ 1527 .txt”
file. The Ida Grove 5 NW hourly station had missing data from August 30, 1900 CST to August 31, 0700
CST, so an estimated pseudo (HEP) station was created. The values not missing in the original station are
comparable (although a little lower in magnitude) to the new HEP station.
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Storm 1527 Zone 1 - Aug. 28 (0600 UTC) - Sep. 1 (0500 UTC), 1962
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
areasqmi 1 2 3 4 5 6 12 18 24 36 48 72 96 Total
0.4 293 433 4.62 5.15 5.36 5.48 9.18 9.94 1228 | 1246 | 1263 | 1263 | 1263 | 1263
1 292 432 4.61 5.14 533 5.45 9.14 9.89 1222 | 1240 | 1257 | 1257 | 1257 | 1257
10 289 428 4 57 505 525 537 902 977 1207 | 1225 | 1241 1241 12 41 12 41
25 2.87 426 4.56 5.01 522 5.34 8.97 972 12.01 1220 | 1235 | 1235 | 1235 | 1235
50 2.87 425 4.55 498 520 5.32 8.92 9.66 1195 | 1213 | 12.31 12.31 12.31 12.31
100 282 417 4.46 4.87 5.09 5.21 8.71 9.44 1169 | 11.87 | 1204 | 1204 | 1204 | 12.04
200 258 3.86 413 4.56 477 4.89 8.18 5.88 11.02 | 1123 | 1140 | 1140 | 1140 | 11.40
300 234 354 3.81 420 444 458 7.58 8.30 10.31 1059 | 1076 | 10.76 | 1076 | 10.76
400 215 3.33 3.58 3.87 419 4.40 7.01 7.87 9.73 1015 | 10.31 10.31 10.31 10.31
500 206 318 343 364 410 434 657 755 929 984 998 999 999 999
1,000 1.72 275 3.04 3.23 3.70 3.94 5.46 6.53 8.22 8.94 9.1 9.1 9.1 9.1
2,000 140 235 2 65 283 320 345 472 568 728 812 835 835 836 836
5,000 0.99 1.73 2.05 225 255 2.78 4.06 4.84 6.13 7.14 743 7.43 7.43 7.43
10,000 0.70 1.20 1.50 1.75 203 225 3.50 422 5.20 5.34 5.69 6.65 5.66 5.66
20,000 0.42 0.71 1.02 1.28 1.52 1.72 288 3.53 4.28 5.49 585 5.85 5.85 5.85
50,000 0.20 0.36 0.52 0.67 0.81 0.93 1.78 2.33 2.84 3.83 4.21 4.21 422 4.22

Area (mi2)

SPAS #1527 DAD Curves Zone 1
August 28-31, 1962

100,000
—&— 1-hour
—=—2-hour
—s— 3-hour
4-hour
10,000 ——5-hour
—*— 6-hour
12-hour
=@ 18-hour
24-hour
1,000 7 === 36-hour
48-hour
T2-hour
96-hour
100 - O Total storm (96-hour)
10 A
1 " . . L . . . L . .
0 10 14

Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation (inches)

SPAS 1527 Storm Center Mass Curve: Zone 1

August 28 (0600 UTC) - September 1 (0500 UTC), 1962

Lat: 42.36 Lon: -95.50
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auges I . .
S G Total Storm (96-hours) Precipitation (inches)
B toury August 28 - 31, 1962
Sl SPAS 1527 - Ida Grove, |IA
E HourlyPseudo :
2 Supplement! o 25 0 142""5
Kilometers
Precipitation (inches) 0 70 140 280
o0.00-050[ |351-400[]7.01-7.50 [@10.51-11.00
o51-100[ |401-450[]751-8.00 []11.01-11.50
[101-150[ ]451-500[601-850 [ |11.51-12.00
[]1.51-2.00[]501-550 [8.51-9.00 [ ]12.01-12.50
[]201-250[]551-6.00 9.01-950 [ ]12.51-13.00

[]251-3.00 []6.01-6.50 [ll9.51-1000
[]3.01-350 [ ]6.51-7.00 [ 10.01-1050
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1800 UTC 30 Aug 62

Source *

CDC1 Meteorological Data
S e s e - R S A A WD AW ==

Job 1D 1820388 Job Start Fri May 15 20010043 UTC 2015
Source 1 lat.: 42.362500 lon.: 295495800 hagts: 0, 1080, 2720 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Wertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 00002 1 Aug 2062 - reanalysis
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SPAS 1527 Ida Grove, |IA Storm Analysis
August 28 - 31, 1962

108°W 104°W 102°wW 100°W 8\W 8w - 2w 0°W 88*W 8e*w 84w 82°W 80°W
1 1
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Storm Precipitation Analysis System (SPAS) For Storm #1630 _1
SPAS Analysis

General Storm Location: Toronto, Ontario
Storm Dates: October 13-17, 1954
Event: Hurricane Hazel
DAD Zone 1
Latitude: 43.8375
Longitude: -79.9792
Max. Grid Rainfall Amount: 11.23”
Max. Observed Rainfall Amount: 11.23”
Number of Stations: 162
SPAS Version: 10.0
Basemap: Canadian Storm Study (ONT 10-54) Isohyetal Pattern
Spatial resolution: 0.3
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on 162 hourly stations, daily stations, supplemental station
data, the Canadian Storm Study Report ONT 10-54, and article from Anderson and Bruce 1957. We have
a good degree of confidence for the station based storm total results. The spatial pattern is dependent
heavily on the basemap. Timing is based on the hourly stations at the storm center. One daily station was
moved to a supplemental station due to timing issues and to ensure data consistency.



Storm 1630 - October 13 (0600 UTC) - October 18 (0500 UTC), 1954
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Page 71 of 329

3 Duration (hours)
Area (mi) = 2 3 4 5 6 12 18 2 36 48 72 9% Total
0.4 1.52 2.50 3.60 4.84 5.81 6.92 8.20 8.88 9.65 10.67 11.10 11.20 11.20 11.20
1 1.52 248 3.59 4.82 5.79 6.89 8.16 8.84 9.61 10.61 11.04 11.14 11.14 11.14
10 1.50 243 3.55 4.76 5.72 6.81 8.07 8.74 9.50 10.47 10.20 10.99 10.99 10.99
25 1.47 241 348 4 67 562 6.69 7.93 860 934 10.34 10.77 10.86 10.86 10.86
50 1.41 232 3.35 4.50 5.41 6.44 7.68 8.36 9.06 10.04 10.48 10.57 10.57 10.57
100 1.30 2.14 3.10 4.14 4.97 5.93 717 7.96 §.52 9.50 9.99 10.06 10.07 10.07
150 1.20 2.02 294 3.83 461 5.50 6.76 764 8.09 9.06 958 9.65 9.65 9.65
200 1.14 1.94 284 359 432 516 6.45 7.38 777 8.71 9.26 9.33 933 933
300 1.05 1.83 2.71 3.25 3.92 4.70 6.06 6.94 7.29 8.22 8.79 8.86 8.86 8.86
400 0.99 1.76 2.61 3.04 3.64 4.37 5.82 6.62 6.95 7.89 §.43 8.50 8.51 8.51
500 0.94 1.71 252 293 344 412 564 6.39 6.69 764 8.18 8.25 8.26 8.26
1,000 0.83 153 227 263 3.03 3.55 5.1 572 597 6.92 7.45 7.56 7.56 7.56
2,000 0.76 1.36 1.99 2.40 2.83 3.26 465 5.16 5.44 6.24 6.77 6.91 6.93 6.93
3,500 0.68 1.23 1.79 2.19 2.62 3.04 4.32 478 5.05 5.74 6.23 6.39 6.45 6.45
5,000 062 1.16 168 207 2.50 287 411 453 476 543 592 6.08 6.17 6.17
7,500 0.56 1.08 1.56 195 2.31 264 3.82 422 444 507 5.56 572 584 5.84
10,000 0.53 1.02 1.49 1.85 2.19 2.49 3.63 4.02 422 4.83 5.32 5.47 5.57 5.57
15,000 0.49 0.93 1.36 1.69 1.98 2.23 3.27 3.66 3.85 4.50 4.99 5.13 5.23 5.23
20,000 046 087 1.26 158 1.83 2.06 3.04 KR 3.60 423 472 489 499 499
35,000 0.39 0.75 1.09 1.34 1.55 1.76 2.59 29 3.13 3.76 421 4.36 4.44 4.44
50,000 0.34 0.64 0.93 1.15 1.33 1.51 2.25 253 2.73 3.30 3.7 3.86 3.96 3.96
50,743 0.33 0.64 0.92 1.14 1.32 1.49 2.23 2.51 2.71 3.27 3.68 3.83 3.92 3.92
SPAS #1630 DAD Curves Zone 1
October 13-18, 1954
1,000,000

—s— 1-hour

——2-hour

100,000 T Hhewr
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SPAS 1630 Storm Center Mass Curve Zone 1

October 13 (0600UTC) to October 18 (0500UTC), 1954
Lat: 43.8375 Lon: -79.9792
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82°wW 81°wW 80°wW 79°W 78°W

46°N 46°N
45°N 45°N
44°N 4°N
43°N 43°N
42°N 42°N
82°w 81°wW 80°w 79°W 78°W
Total Storm (120-hr) Precipitation (inches)
Euigee 10/13/1954 0600 UTC - 10/18/1954 0500 UTC
& iy SPAS #1630
E  Houlry
= Hourly Pseudo s
©  Supplemental 0 20 ) 80
0 50 100 m:llome

Precipitation (inches)

[ 1.12-2.00[ |401-500 [[]7.01-8.00 [ |10.01-12.00
[[]201-3.00 [ ]5.01-6.00 [ 801-9.00

[[Ja01-4.00[ ]6.01-7.00 []9.01-10.00

10/10/2016
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 15 Oct 54
CDC1 Meteorological Data
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Job 1D 381248 Job Start: Fri Apr 8 23:47:43 UTC 2011
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Trajectory Direction: Backward uration: 72 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Oct 2054 - reanalysis
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Storm Precipitation Analysis System (SPAS) For Storm #1504 1
SPAS Analysis

General Storm Location: Pelican Mtn, Alberta
Storm Dates: June 26 - July 2, 1970
Event: Synoptic/Convective Event
DAD Zone 1
Latitude: 55.5542°
Longitude: -113.6625°
Max. Grid Rainfall Amount: 286mm
Max. Observed Rainfall Amount: 266mm

Number of Stations: 524 (385 Daily, 37 Hourly, 13 Hourly Pseudo, 0 Hourly Estimated Pseudo, and 89

Supplemental)

SPAS Version: 10.0

Basemap: Blended PRISM July 1961-1990 Climatology (Canada) and AL 6-70 Isohyetal
Spatial resolution: 30 second (degree: minute: second, WGS84, ~ 0.3 mi?, 0.78 km?)
Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, daily data, supplemental station data and
AL 6-70 data. We have a good degree of confidence in the station based storm total results; the spatial
pattern is dependent on the station data and a basemap. The timing is based on hourly and hourly pseudo
stations.
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Storm 1504 - June 26 (0800 UTC) - July 2 (0700 UTC), 1970
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Area (mi) Duration (hours)
1 3 6 12 18 24 48 72 96 120 144 Total
0.2 0.69 1.92 3.35 5.67 5.89 6.16 7.22 9.92 10.95 11.20 11.25 11.25
1 0.69 1.92 3.35 5.55 5.87 6.14 7.11 9.88 10.88 11.20 11.25 11.25
10 0.69 1.91 3.35 5.55 5.86 6.13 7.11 9.86 10.86 11.18 11.23 11.23
25 0.69 1.91 3.34 5.55 5.84 6.11 7.10 9.83 10.84 11.14 11.20 11.20
50 0.69 1.90 3.32 5.54 5.82 6.08 7.08 9.79 10.80 11.08 11.14 11.14
100 0.68 1.88 3.28 5.53 5.77 6.03 7.05 9.70 10.72 10.97 11.02 11.02
150 0.67 1.86 3.25 5.49 5.65 5.97 7.00 9.53 10.59 10.73 10.91 10.91
200 0.67 1.84 3.21 5.44 5.62 5.90 6.94 9.46 10.49 10.68 10.79 10.79
300 0.66 1.79 3.14 5.33 5.47 5.77 6.82 9.23 10.29 10.41 10.60 10.60
400 0.66 1.75 3.07 5.24 5.40 5.64 6.76 8.99 10.17 10.32 10.49 10.49
500 0.65 1.72 2.99 5.15 5.34 5.55 6.71 8.75 10.05 10.24 10.37 10.37
1,000 0.62 1.60 2.82 4.88 5.05 5.17 6.57 8.05 9.64 9.82 9.93 9.93
2,000 0.57 1.43 2.54 4.44 4.67 4.84 6.24 7.41 9.07 9.24 9.35 9.35
5,000 0.43 1.15 2.12 3.57 4.27 4.41 5.39 6.18 7.20 7.40 8.16 8.16
10,000 0.35 0.99 1.79 3.14 3.79 3.93 4.71 5.81 6.77 7.02 7.07 7.07
20,000 0.29 0.80 1.42 2.43 3.21 3.30 3.89 4.97 5.81 5.85 6.46 6.46
50,000 0.22 0.62 1.06 2.08 2.50 2.63 3.07 4.28 4.95 5.19 5.26 5.26
100,000 0.15 0.38 0.77 1.40 1.91 2.05 2.40 3.58 4.13 4.13 4.37 4.37
295,706 0.06 0.17 0.32 0.62 0.85 0.98 1.21 1.95 2.23 2.35 2.37 2.37
SPAS #1504 DAD Curves Zone 1
June 26 - July 2, 1970
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Incremental Precipitation (inches)

SPAS 1504 Storm Center Mass Curve: Zone 1
June 26 (0800 UTC) - July 2 (0700 UTC), 1970
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0600 UTC 29 Jun 70

CDC1 Meteorological Data

0E/29 0628 06127

Joby ID: 120734
Source 1 lat.: 55554200 lon.: -113.662500 hgts- 0, 750, 2300 m AGL

Trar{&cto Dhirection: Backward
We

Meteorology: 00002 1 Jun 2070 - reanalysis

Job Start: Sun May 10 16:14:41 UTC 2015

Dwration: 72 hrs
ical Motion Calculation Method: Model Vertical Velocity
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SPAS 1504 Pelican Mtn, AB Storm Analysis

June 28 - July 1, 1970
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Storm Precipitation Analysis System (SPAS) For Storm #1738 1
SPAS Analysis

General Storm Location: Harlan, 1A
Storm Dates: September 9-14, 1972
Event: Synoptic/Warm Front
DAD Zone 1
Latitude: 41.7208
Longitude: -95.2125
Max. Grid Rainfall Amount: 15.81”
Max. Observed Rainfall Amount: 15.25”
Number of Stations: 1081
SPAS Version: 10.0
Base Map Used: Blend of PRISM climatology from Sept 1972 and CONUS 30-yr climatology
Spatial resolution: 0.2479
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Degree of confidence in results: This analysis was based on 1081 hourly stations, daily data, and
supplemental station data. We have a good degree of confidence for the station based storm total results.
The spatial pattern is fully dependent on the blended basemap. Timing is based on the hourly and hourly
pseudo stations. Several daily stations were moved to supplemental due to timing issues and to ensure

data consistency.
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SPAS 1738 - September 9 (0700 UTC) - September 15 (0600 UTC), 1972
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
Area (mi?) Duration (hours)
1 6 12 24 48 72 96 120 144 Total
0.4 372 705 755 9.06 14 94 15.81 15.81 15.81 15.81 15.81
1 372 7.03 752 9.03 14 .87 15.78 15.78 15.74 15.74 15.74
10 369 6.98 743 5.96 14 68 15.51 15.51 15.40 15.40 15.40
25 368 6.95 7.39 8.93 14 61 1541 1541 15.40 15.40 15.40
50 367 6.94 7.29 8.9 14 38 15.33 15.33 15.33 15.33 15.33
100 361 6.89 719 5.89 14.06 15.12 15.12 15.12 15.12 15.12
200 3.36 6.57 7.06 a.71 13.62 14.70 14.70 14.70 14.70 14.70
300 3.M 6.27 6.88 a.49 13.21 14.26 1427 1427 1427 1427
400 270 6.02 6.68 a.26 12.79 13.85 13.89 13.89 13.89 13.89
500 247 578 6.47 a.02 12.45 13.51 13.56 13.57 13.57 13.57
1,000 1.88 503 577 7.25 11.42 12.42 12.50 12.51 12.51 12.51
2,000 1.41 429 508 6.36 1031 11.19 11.33 11.35 11.35 11.35
5,000 082 21 3 489 7.96 a.86 9.16 918 918 918
10,000 0.60 2mM 267 373 6.22 708 780 751 752 752
20,000 0.36 1.19 1.76 259 4.44 516 574 577 578 578
50,000 016 0.60 0.8a 1.27 229 278 343 348 349 349
94,561 0.0a 0.35 0.4s 072 1.36 1.68 210 215 215 215
SPAS 1738 DAD Curves Zone 1
September 9 (0700UTC) to September 15 (0600UTC), 1972
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SPAS 1738 Storm Center Mass Curve Zone 1

September 9 (0700UTC) to September 15 (0600UTC), 1972
Lat: 41,7208 Lon: -95.2125
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Gauges
@ Daily
B Hourly
B HourlyPseudo
<

Supplemental
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0600 UTC 11 Sep 72
CDC1 Meteorological Data
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Source 1 lat.: 41.720800 lon.: -95.212500 hgts: 0, 1140, 2800 m AGL
Trajectory Direction: Backward  Duration: 72 hrs
Yertical Motion Calculation Method: Model Vertical Velocity
Meteorclogy: 00002 1 Sep 2072 - reanalysis
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SPAS 1738 Storm Analysis
September 10-11, 1972
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Storm Precipitation Analysis System (SPAS) For Storm #1502_1
SPAS Analysis

General Storm Location: Sedalia, Alberta
Storm Dates: June 13 - 18, 1973
Event: Synoptic/Convective Event
DAD Zone 1
Latitude: 51.8625°
Longitude: -110.4292°
Max. Grid Rainfall Amount: 243mm
Max. Observed Rainfall Amount: 223mm

Number of Stations: 299 (223 Daily, 20 Hourly, 10 Hourly Pseudo, 0 Hourly Estimated Pseudo, and 46

Supplemental)

SPAS Version: 10.0

Basemap: Blended PRISM July 1961-1990 Climatology (Canada) and AL 6-73 Isohyetal
Spatial resolution: 30 second (degree: minute: second, WGS84, ~ 0.3 mi?, 0.78 km?)
Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, daily data, supplemental station data and
AL 6-73 data. We have a good degree of confidence in the station based storm total results; the spatial
pattern is dependent on the station data and a basemap. The timing is based on hourly and hourly pseudo
stations.
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Storm 1502 - June 13 (0800 UTC) - June 18 (0700 UTC), 1973

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Area (mi? Duration (hours)
ea (i 2 3 4 5 6 12 18 24 36 48 72 % 120 | Total
0.2 1.23 2.20 3.15 3.93 4.29 4.52 6.22 7.48 8.31 9.32 9.37 9.38 9.55 9.56 9.56
1 1.23 2.17 3.15 3.93 4.29 4.52 6.22 7.48 8.31 9.32 9.37 9.38 9.55 9.56 9.56
10 1.23 2.17 3.14 3.92 4.28 4.51 6.21 7.46 8.30 9.31 9.36 9.36 9.54 9.54 9.54
25 1.22 2.17 3.13 3.91 4.27 4.50 6.20 7.44 8.28 9.28 9.33 9.34 9.51 9.52 9.52
50 1.22 2.17 3.12 3.89 4.25 4.48 6.17 7.41 8.24 9.24 9.29 9.30 9.47 9.47 9.47
100 1.21 2.16 3.09 3.85 4.21 4.44 6.11 7.34 8.17 9.16 9.21 9.22 9.39 9.39 9.39
150 1.19 2.14 3.06 3.82 4.17 4.39 6.06 7.22 8.05 9.04 9.13 9.13 9.21 9.31 9.31
200 1.19 2.12 3.03 3.78 4.13 4.35 6.00 7.15 7.94 8.96 8.98 9.04 9.11 9.21 9.21
300 1.17 2.07 2.97 3.70 4.04 4.26 5.87 6.99 7.74 8.77 8.78 8.86 8.90 9.03 9.03
400 1.15 2.03 2.90 3.62 3.83 4.17 5.74 6.82 7.55 8.57 8.59 8.67 8.67 8.84 8.84
500 1.14 2.00 2.85 3.56 3.82 4.07 5.62 6.74 7.50 8.43 8.46 8.49 8.62 8.65 8.65
1,000 1.08 1.86 2.65 3.30 3.64 3.75 5.07 5.97 6.78 7.73 7.73 7.81 7.86 7.99 7.99
2,000 0.96 1.66 2.35 2.93 3.24 3.32 4.23 5.34 6.23 6.93 6.93 7.13 7.13 7.31 7.31
5,000 0.78 1.33 1.89 2.19 2.53 2.53 3.43 4.27 5.20 5.94 5.98 6.18 6.23 6.38 6.38
10,000 0.63 1.07 1.50 1.80 2.07 2.17 2.61 3.85 4.40 5.16 5.18 5.47 5.50 5.62 5.62
20,000 0.49 0.88 1.19 1.37 1.65 1.77 251 3.18 3.65 3.99 4.68 4.68 4.84 4.99 4.99
50,000 0.30 0.58 0.75 0.98 1.06 1.06 1.93 2.39 3.09 3.52 3.77 3.89 4.01 4.09 4.09
100,000 0.16 0.31 0.39 0.47 0.59 0.73 1.43 1.88 2.12 2.55 2.61 2.68 3.22 3.26 3.26
170,226 0.12 0.24 0.35 0.45 0.51 0.57 1.02 1.39 1.64 1.96 2.10 2.21 2.36 2.39 2.39
SPAS #1502 DAD Curves Zone 1
June 13 - June 18, 1973
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Incremental Precipitation (inches)

SPAS 1502 Storm Center Mass Curve: Zone 1
June 13 (0800 UTC) - June 18 (0700 UTC), 1973
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Backward trajectories ending at 0600 UTC 15 Jun 73

CDC1 Meteorological Data

0o 18 12 06 JD 18 12 06 DIE]' 18 12
0615 0614 0613

Job 1D: 161805 Job Start: Thu May 7 191137 UTC 2015
Source 1 lat.: 51.862500 lon.c-110.429200 hgts: 0, 650, 2250 m AGL

Trajectory Direction: Backward  Duration: 72 hrs _
Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 00002 1 Jun 2073 - reanalysis
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SPAS 1502 Sedalia, AB Storm Analysis
June 13-16, 1973
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Storm Precipitation Analysis System (SPAS) For Storm #1337 _1
SPAS Analysis

General Storm Location: Wilson, Saskatchewan
Storm Dates: August 3-4, 1985
Event: Convective event
DAD Zone 1
Latitude: 49.7020°
Longitude: -101.8958°
Max. grid rainfall amount: 400mm
Max. observed rainfall amount: 381mm (Wilson, SK)
Number of Stations: 142
SPAS Version: 9.5

Base Map Used: Based on digitized Canadian Climate Centre of Environment Canada’s SASK-8-85

Isohyetal Map (storm total)
Spatial resolution: 30 seconds (decimal degrees, WGS84, ~ 0.30 mi?, 0.78 km?)

Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: Environment Canada was asked about the full storm report, SASK-8-85 for this
event, but they could not locate the report. There were a limited number of recording gauges and none
were located in or near the storm center. Estimates of the hourly data for the maximum daily observation
at WILSON SK were developed. Effort was taken to conform the maximum 6-hour, 12-hour and 24-hour
amounts to the “point” DAD amounts derived from the Environment Canada figure and consideration was
given to the influence of the three nearest hourly stations (ESTEVAN AIRPORT SK, BROADVIEW SK,
and BRANDON AIRPORT MB). The reliability of the timing has significant uncertainty as a result.

Results are consistent with the published DAD estimates (those for 100 square miles are within +/- 2”).
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Storm 1337 - August 2 (0800 UTC) - August 6 (0700 UTC), 1985
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi®) 1 3 6 12 18 24 36 48 72 96 Total
0.2 2.51 5.30 7.61 11.75 13.66 15.15 15.62 15.72 15.75 15.75 15.75
1 2.51 5.30 7.61 11.75 13.66 14.90 15.55 15.61 15.74 15.74 15.74
10 2.51 5.28 7.58 11.71 13.61 14.85 15.50 15.56 15.67 15.68 15.68
25 2.50 5.24 7.53 11.63 13.51 14.84 15.41 15.48 15.56 15.56 15.56
50 2.49 5.17 7.43 11.47 13.20 14.75 15.17 15.30 15.30 15.33 15.33
100 2.46 4.90 7.06 10.88 12.48 13.81 14.37 14.42 14.46 14.50 14.50
150 2.42 4.69 6.72 10.38 11.85 13.11 13.49 13.63 13.65 13.90 13.90
200 2.38 4.52 6.49 10.02 11.47 12.87 13.05 13.12 13.16 13.36 13.36
300 2.31 4.21 6.04 9.33 10.85 11.99 12.25 12.30 12.34 12.44 12.44
400 2.24 3.96 5.69 8.78 10.11 11.30 11.41 11.49 11.55 11.74 11.74
500 2.20 3.72 5.36 8.25 9.56 10.65 10.86 10.89 11.00 11.07 11.07
1,000 1.99 3.02 4.30 6.64 7.69 8.62 8.68 8.83 8.84 9.00 9.00
2,000 1.67 2.22 3.00 3.55 5.70 5.96 6.21 6.23 7.11 7.16 7.16
5,000 1.22 1.65 2.01 2.62 3.20 3.39 3.39 4.20 4.96 5.11 5.11
10,000 0.83 1.25 1.51 2.01 2.69 2.88 3.06 3.06 3.82 4.00 4.00
20,000 0.63 0.85 1.13 1.50 1.74 1.76 1.82 2.60 2.62 2.63 2.63
50,000 0.25 0.39 0.64 0.84 0.97 1.20 1.33 1.41 1.42 1.47 1.47
53,819 0.22 0.39 0.59 0.81 0.92 1.16 1.25 1.30 1.32 1.32 1.32

SPAS #1337 DAD Curves Zone 1
August 2- 6, 1985
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SPAS 1337 Storm Center Mass Curve: Zone 1

August 2 (0800 UTC) to August6 (0700 UTC), 1985

Lat: 49.70 Lon: -101.90
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Source * at 49.70 N 101.90W
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0300 UTC 04 Aug 85
CDC1 Meteorological Data

Db1B 12 06 00 18 12 06 00 18 12 06 00 18 12 06 00 18 12 06
08/04 08/03 08/02 08/01 07/31

Job ID: 190344 Job Start: Fri May 23 04:22:21 UTC 2014
Source 1 lat.: 49.700000 lon.: -101.900000 hgts: 0, 870, 1910 m AGL

Trajectory Direction: Backward ~ Duration: 120 hrs )
Vertical Motion Calculation Method: ~ Model Vertical Velocity
Meteorology: 0000Z 1 Aug 2085 - reanalysis
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SPAS 1337
August 2 - 6, 1985

100°W
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Storm Precipitation Analysis System (SPAS) For Storm #1206 1
SPAS Analysis

General Storm Location: Central Michigan -- “Big Rapids ‘86" storm
Storm Dates: September 9-12, 1986
Event: Synoptic/Warm Front
DAD Zone 1
Latitude: 43.6125
Longitude: -85.3125
Max. Grid Rainfall Amount: 13.18 inches
Max. Observed Rainfall Amount: 13.13” at Big Rapids, Ml

Number of Stations: 114 (66 Daily, 15 Hourly, 1 Hourly Estimated, 1 Hourly Estimated Pseudo, 4 Hourly

Pseudo, 20 Supplemental, and 7 Supplemental Estimated)

SPAS Version: 8.5

Base Map Used: Mean (1971-2000) PRISM September Precipitation
Spatial resolution: 30 seconds

Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Degree of confidence in results: This storm occurred during a period of limited data, so our confidence
in these results is slightly less than normal due to limited rainfall reports and limited hourly data throughout
the storm center. Several supplemental estimated stations were added based on inferences from old
isohyetal maps (NWS and EPRI) and discussions/summaries of the storm. | feel good about our analysis
given the great cooperation we had from the Detroit NWS and the information they provided. Further
confidence was instilled into the results when we found the DAD results compared rather favorably to those
computed in the EPRI study.
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Storm 1206 - September 9 (0600 UTC) - September 13 (0500 UTC), 1986
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

3 Duration (hours)
Area (mi') 3 6 12 18 24 36 48 72 % Total
0.4 272 428 468 6.17 7.68 984 11.42 12.86 13.17 1317 13.17
1 271 427 4 67 6.14 767 981 11.40 12.83 13.13 13.13 13.13
10 264 415 455 6.02 7.59 974 11.33 12.75 13.06 13.06 13.06
25 2.53 3.99 4.39 592 7.56 965 11.30 12.71 13.03 13.03 13.03
50 240 378 418 585 753 957 11.28 12.69 13.01 13.01 13.01
100 2.23 3.52 3.92 574 7.47 9.43 11.19 12.66 12.98 12.98 12.98
200 2.03 3.21 377 559 7.38 9.26 11.10 12.57 12.89 12.89 12.89
300 1.89 3.00 3.69 549 7.31 916 11.03 12.49 12.81 12.81 12.81
400 178 2.83 3.64 542 7.24 9.06 10.97 12.40 12.72 12.72 12.72
500 1.69 2.69 3.59 5.37 7.18 8.97 10.92 12.33 12.64 12.64 12.64
1,000 1.41 2.29 3.36 518 6.89 850 10.68 11.94 12.22 12.22 12.22
2,000 1.12 194 3.04 4.89 6.54 813 10.37 11.36 11.58 11.58 11.58
5,000 0.74 156 2 66 438 5.95 7.45 9.76 10.57 10.75 10.75 10.75
10,000 0.53 1.26 224 3.89 5.30 6.68 8.84 9.55 9.70 9.70 9.70
20,000 0.36 0.91 1.69 3.09 427 545 7.40 8.01 8.16 8.16 8.16
38,327 0.22 0.60 1.07 2.02 2.87 373 513 572 5.88 5.88 5.88
SPAS #1206 DAD Curves Zone 1
September 9-13, 1986
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Incremental Precipitation (inches)
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SPAS 1206 Storm Center Mass Curve
September 9 (0600 UTC) to September 13 (0500 UTC), 1986
Lat: 43.6125 Lon: -85.3125
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"Big Rapids '86" ISOHYETAL FROM SPAS

Total 96-hour Rainfall (inches)
09/09/1986 0600 UTC - 09/13/1986 0500 UTC

SPAS #1206
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 09 Sep 86
CDC1 Meteorological Data

This is not a NOAA product. It was produced by a web user.
Job |D: 382613 Job Start: Wed Mov 30 20:42:57 UTC 2011
Source 1 lat.: 43.61 lon.: -85.31 hgts: 0, 1300, 2870 m AGL
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SPAS 1206 Big Rapids, Ml Storm Analysis
September 9-13 1986
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Storm Precipitation Analysis System (SPAS) For Storm #1735 1
SPAS Analysis

General Storm Location: Coldwater, Ml
Storm Dates: May 29 — June 3, 1989
Event: Synoptic/Warm Front
DAD Zone 1
Latitude: 41.9625
Longitude: - 85.0042
Max. Grid Rainfall Amount: 9.20”
Max. Observed Rainfall Amount: 9.10”
Number of Stations: 935
SPAS Version: 10.0
Base Map Used: PRISM climatology from May 1989
Spatial resolution: 0.2420
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Degree of confidence in results: This analysis was based on 935 hourly stations, daily data, and
supplemental station data. We have a good degree of confidence for the station based storm total results.
The spatial pattern is fully dependent on the PRISM basemap. Timing is based on the hourly and hourly
pseudo stations. Several daily stations were moved to supplemental due to timing issues and to ensure

data consistency.



Area(mi®)
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SPAS 1735 - May 29 (0700 UTC) - June 4 (0600 UTC), 1989
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
Area (mi?) Duration (hours)
1 6 12 24 48 72 96 120 144 Total
0.4 1.96 5.30 5.53 718 8.59 8.59 9.18 9.18 9.18 9.18
1 1.96 5.28 5.51 715 8.56 8.56 9.15 9.15 9.15 9.15
10 1.94 5.23 546 7.08 8.49 8.49 9.06 9.06 9.06 9.06
25 1.91 5.21 543 7.06 8.46 6.46 9.02 9.02 9.02 9.02
50 1.87 518 542 7.04 8.43 8.43 8.99 8.99 §.99 8.99
100 1.80 5.08 53 6.89 8.26 8.27 8.85 .85 8.85 8.85
200 1.72 49 513 6.66 8.01 8.02 8.59 8.60 8.61 8.61
300 1.67 473 4.96 6.43 775 7T 8.35 8.37 5.40 8.40
400 1.63 4.55 4.78 6.19 748 7.52 8.7 §.19 5.26 .26
500 1.59 4.34 4.58 5.94 721 727 8.03 8.06 §.14 8.14
1,000 1.37 3.54 3.84 4.80 6.24 6.49 748 T.57 T.73 773
2,000 1.14 2.88 3.27 3.89 5.38 5.86 6.60 6.89 714 7.14
5,000 0.87 2 269 3.20 4.61 523 5.51 5.96 6.23 6.23
10,000 0.67 1.81 2.35 2.85 413 4.73 5.01 5.33 5.59 5.59
20,000 0.48 1.45 2.00 2.45 3.66 4.20 4.44 4.75 4.96 4.96
50,000 0.25 1.03 1.47 1.81 2.85 34 3.62 39 411 4.1
100,000 0.16 0.64 0.98 1.35 213 2.59 276 3.04 3.28 3.28
335,486 0.05 .22 0.35 0.50 0.54 1.11 1.24 1.43 1.63 1.63

SPAS 1735 DAD Curves Zone 1
May 29 (0700UTC) to June 4 (0600UTC), 1989

1000000 L 1 1 1 1 1 1 1 |
100000 L
10000 - Duration(hr)
1
2
3 —
4 [R—
:
1000 o 12
18
24
48
72
’ 120
100 - 124
10 o L

1 T T T T T T T T T
1 2 3 4 5 G 7 8 9

Maximum Average Depth of Precipitation (inches)



Page 108 of 329

SPAS 1735 Storm Center Mass Curve Zone 1
May 29 (0700UTC) to June 4 (0600UTC), 1989
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8w 0°W 88*W 86°wW 84°W 82°w

Total Storm (144-hours) Precipitation (inches)
May 29 - June 3, 1989

Gauges SPAS 1735 - Coldwater, MI
® Daily
Miles
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o oy ioenas Kilometers
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NOAA HYSPLIT MODEL
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Backward trajectories ending at 0600 UTC 31 May 89

85.00 W

Source » at 4196 N

CDC1 Meteorological Data

0531 0530 05429

Job ID: 157394 Job Start: Fri Nov 1 19:52:30 UTC 2019
Source 1 lat.: 41.962500 lon.: -85.004200 hgts: 0, 1300, 2930 m AGL

Trajectory Direction: Backward  Duration: 72 hre
“Yertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 May 2089 - reanalysis
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SPAS 1735 Storm Analysis
May 30-31, 1989
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Storm Precipitation Analysis System (SPAS) For Storm #1297 1
SPAS-NEXRAD Analysis

General Storm Location: Roseau, Minnesota
Storm Dates: June 9-11, 2002
Event: MCC
DAD Zone 1
Latitude: 48.875
Longitude: -95.085
Max. Grid Rainfall Amount: 14.62"
Max. Observed Rainfall Amount: 14.55"
Number of Stations: 726 (2007 Daily, 50 Hourly, 32 Hourly Pseudo, and 437 Supplemental)
SPAS Version: 9.5
Basemap: PRISM 30-yr Mean (1981-2010) June Precipitation and Total Radar Reflectivity
Spatial resolution: 0.01 (~ 0.30 mi?)
Radar Included: Yes
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, daily data, supplemental station data and
NEXRAD Radar. We have a high degree of confidence in the radar/station based storm total results, the
spatial pattern is dependent on the radar data and basemap, and the timing is based on hourly and hourly
pseudo stations.
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Storm 1297 - June 9 (100 UTC) - June 11 (1200 UTC), 2002
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHE 3)
Duration (hours)
Area (mi?) 1 3 6 12 18 24 36 45 60 Total
0.3 242 56 711 8.81 11.18 11.88 12.83 14.62 14.62 14.62
1 2.37 545 6.89 8.57 10.86 11.52 12.41 14.22 14.22 14.22
10 227 543 6.89 8.57 10.86 11.562 12.41 1422 1422 14 22
25 219 524 6.76 8.41 10.6 11.3 12.41 1414 14 21 14 21
50 2.1 505 6.47 8.29 10.46 11.13 12.01 13.74 14.03 14.03
100 1.96 4.87 6.01 8.06 10.08 10.76 11.91 13.66 13.69 13.69
200 1.83 46 548 8 9.48 10.41 11.54 13.18 13.37 13.37
300 1.69 442 5.27 7.91 8.99 10.15 11.46 13.04 13.08 13.08
400 1.65 4.29 5.11 7.8 8.96 9.93 11.19 12.58 12.92 12.92
500 1.59 417 4.9 7.69 8.73 9.76 11.05 12.57 12.77 1297
1,000 1.46 3.68 4.22 7.18 8.15 9.4 10.62 12.01 12.2 12.20
2,000 1.29 2.96 3.96 6.27 7.3 8.8 10 11.42 11.47 11.47
5,000 0.97 215 347 4.98 6.34 7.55 3.88 9.92 10.26 10.26
10,000 0.9 1.67 2.36 4.01 544 6.3 7.4 8.45 9.09 9.09
20,000 0.69 1.21 1.9 3.31 4.4 54 6.27 7.51 7.66 7.66
50,000 0.26 0.74 0.94 1.95 29 3.68 4.06 521 536 536
100,000 0.18 0.37 0.61 1.13 1.68 207 265 324 3.38 3.39
103,535 0.13 0.37 0.59 1.12 1.62 2 2.56 347 3.27 3.27

Area (mi?)

SPAS 1297 DAD Curves Zone 1
June 9-11, 2002
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Incremental Precipitation {inches)
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100°W 98"W 96°W 94w 92'W 90°W
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Total Storm (60-hr) Precipitation (inches)
6/9/2002 (0100 UTC) - 6/11/2002 (1200 UTC)

Sauges SPAS-NEXRAD 1297
®  Dsily
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 09 Jun 02
CDC1 Meteorological Data

Source ¥ at 4888 N 9508 W
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This is not a NOAA product. It was produced by a web user.
Job 1D: 314804 Job Start: Mon Aug 6 15:12:34 UTC 2012
Source 1 lat.: 48.88 lon.: -95.08 hgts: 0, 1110, 2720 m AGL
Trajectory Direction: Backward uration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Jun 2002 - reanalysis
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 10 Jun 02
CDC1 Meteorological Data

Source ¥ at 4888 N 9508 W
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Job 1D: 15369 Job Start: Mon Sep 30 16:46:24 UTC 2013

Source 1 lat.: 48.880000 lon.: -85.080000 hgts: 0, 1080, 2710 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Jun 2002 - reanalysis
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SPAS 1297 Roseau, MN Storm Analysis
June 6-9, 2002
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Storm Precipitation Analysis System (SPAS) For Storm #1048 1
SPAS-NEXRAD Analysis

General Storm Location: Hokah, MN
Storm Dates: 8/18/2007 0600Z — 8/21/2007 1000Z
Event: Cloudburst Thunderstorm
DAD Zone 1
Latitude: 43.81251
Longitude: -91.3625
Max. Grid/Radar Rainfall Amount: 18.26” (Grid/Pixel Point)

Max. Observed Rainfall Amount: 18.32” (grid cell 18.26” at HIDEN519) ***elevated 18.32” to
18.93” (0.026” for 24-hr period), this was done to achieve the state record 24-hr rainfall (17.21”). Smoothing
of the data reduced the observed max below 17.00"***

Number of Stations: 886 (99-hourly, 1 hourly pseudo, 574-daily, 212-daily supplemental) gauging stations
within the defined search domain.

SPAS Version: 5.0
Base Map Used: No
Spatial resolution: 0.24 mi2

Radar Included: Yes, Weather Decision Technologies (WDT) Level-Il radar reflectivity data based on
Minneapolis/St. Paul, MN (KMPX), La Crosse, WI (KARX), Des Moines, IA (KDMX), and Milwaukee, WI
(KMKX) NEXRAD.

Depth-Area-Duration (DAD) analysis: Yes: 1, 3, 6, 12, 18, 24, 36, 48, 72, & 76 hours



Storm 1048 - August 18 (0600 UTC) - August 21 (1000 UTC), 2007
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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Area (miz) Duration (hours)
1 3 6 12 18 24 36 48 72 Total
04 2.42 4.74 7.81 11.84 14.82 17.24 17.48 18.13 18.19 18.19
1 2.35 469 T.73 11.75 14.71 17.12 17.36 18.01 18.08 18.08
10 2.19 4.58 7.46 11.11 13.85 16.04 16.33 17.03 17.14 17.14
50 2.1 4.34 6.69 9.87 12.22 14.07 14.56 15.49 15.78 15.78
100 208 414 6.32 9.37 11.57 13.27 13.99 14.83 1512 1512
200 2.00 3.87 5.99 8.90 10.99 12.62 13.43 14.22 14.50 14.50
300 1.90 3.69 5.76 8.62 10.64 12.21 13.00 13.74 14.03 14.03
400 1.83 3.55 5.60 8.38 10.35 11.88 12.61 13.34 13.63 13.63
500 1.77 3.44 548 8.15 10.11 11.61 12.27 13.01 13.28 13.28
1000 1.51 3.10 497 7.32 917 10.59 11.17 11.84 12.06 12.06
2,000 1.25 2.69 4.35 6.43 8.15 9.41 9.96 10.57 10.74 10.74
5,000 0.88 202 3.45 5.23 6.67 7.63 8.23 8.80 8.95 8.95
10,000 0.64 1.53 268 421 545 6.18 6.78 7.37 7.53 7.53
20,000 0.43 1.03 1.84 3.04 4 .00 4.55 5.15 5.7 5.88 5.88
SPAS #1048 DAD Curves Zone 1
August 18 - 21, 2007
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Incremental Precipitation (inches)

2.0

SPAS 1048 Storm Center Mass Curve: Zone 1
August 18 (0600 UTC) - August21 (1000 UTC), 2007
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at 4381 N 9136W

Source *

NOAA HYSPLIT MODEL
Backward trajectories ending at 0700 UTC 19 Aug 07
CDC1 Meteorological Data
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) 51

0 00 18 12 06 OO0 18 12 06 OD 18

0819

0&8M1a oanv

Job 1D 175206

Job Start: Tue Jul 7 22:52:43 UTC 2015

Source 1 lat.: 43.812510 lon.: -91.362500 hgts: 0, 1190, 2830 m AGL

Trajectory Direction: Backward

Duration: 72 hrs

Yertical Motion Calculation Method: Model Vertical Velocity
Meteorology: D000Z 1 Aug 2007 - reanalysis
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SPAS 1048 Hokah, MN Storm Analysis
August 17-18, 2007
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Hybrid Storms
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Storm Precipitation Analysis System (SPAS) For Storm #1699 1

SPAS Analysis

General Storm Location: Hayward, WI
Storm Dates: August 27-31, 1941
Event: Synoptic
DAD Zone 1
Latitude: 45.9958
Longitude: -91.0958
Max. Grid Rainfall Amount: 15.35”
Max. Observed Rainfall Amount: 15.31”
Number of Stations: 362
SPAS Version: 10.0
Basemap: 1699 isohyetal_sm
Spatial resolution: 0.2304
Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on 362 hourly pseudo stations, daily data and supplemental

station data. We have a good degree of confidence for the station based storm total results. The spatial

pattern is dependent on the USACE isohyetal basemap. Timing is based on the hourly pseudo stations.

Several daily stations were moved to supplemental due to timing issues and to ensure data consistency.
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Storm 1699 - August 27 (0700 UTC) - September 1 (0600 UTC), 1941
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

9 Duration (hours)
Area (mi) 2 3 4 5 6 12 18 4 36 48 72 96 120 | Total
04 2.00 3.47 544 6.91 7.79 850 11.51 12.41 13.08 1424 15.05 15.32 15.32 15.32 15.32
1 1.99 3.45 5.42 6.88 7.76 8.47 11.47 12.37 13.03 14.19 14.99 15.26 15.26 15.26 15.26
10 1.97 3.42 5.37 6.81 7.68 8.40 11.36 12.25 12.91 14.05 14.85 15.11 15.11 15.11 15.11
25 1.96 3.40 535 6.79 765 837 11.32 12.20 12.86 13.99 14.80 15.06 15.06 15.06 15.06
50 1.96 3.39 5.33 6.76 7.63 8.35 11.29 1217 12.83 13.95 14.76 15.01 15.01 15.01 15.01
100 1.95 3.38 5.32 6.74 7.61 8.32 11.26 12.13 12.79 13.91 14.72 14.97 14.97 14.97 14.97
150 1.95 3.38 531 6.73 7.59 830 11.24 1211 12.77 13.89 14.70 14.94 14.94 14.94 14.94
200 1.93 3.36 5.27 6.69 7.54 822 11.14 12.02 12.66 13.79 14.56 14.83 14.84 14.84 14.84
300 1.91 3.30 5.19 6.58 7.42 8.11 10.98 11.84 12.48 13.58 14.35 14.61 14.62 14.62 14.62
400 1.87 325 510 6.47 7.29 7.96 10.79 11.63 12.25 13.34 14.09 14.36 14.38 1438 14.38
500 1.84 3.19 5.01 6.36 717 7.82 10.61 11.44 12.05 13.12 13.86 14.14 14.16 14.16 14.16
1,000 1.71 295 4.64 5.89 6.64 7.24 9.84 10.62 11.18 1217 12.87 13.14 13.17 13.17 13.17
2,000 1.59 2.69 416 524 592 6.43 882 953 10.00 10.96 11.63 11.87 11.92 11.92 11.92
3,600 1.42 240 3.68 4.59 521 5.63 7.84 8.52 8.88 9.87 10.49 10.73 10.80 10.80 10.80
5,000 1.28 2.16 3.31 4.13 4.69 5.07 7.19 7.84 8.14 9.14 9.75 9.99 10.05 10.05 10.05
7,500 1.11 1.86 285 3.57 4.05 438 6.40 7.01 727 8.27 8.82 914 920 920 920
10,000 0.99 1.65 2.53 317 359 389 581 6.35 6.57 7.70 8.20 8.58 883 863 863
15,000 0.81 1.36 2.1 285 3.00 3.27 4.94 543 5.65 6.81 7.30 7.82 7.89 7.89 7.89
20,000 0.68 1.20 1.78 227 255 282 4.39 482 5.02 6.19 6.73 724 731 7.31 7.31
35,000 047 0.84 1.19 1.54 178 202 321 364 3.88 4.96 5.50 6.06 6.21 8.21 8.21
50,000 0.34 0.61 0.87 1.12 1.34 1.49 2.40 275 3.08 4.08 4.57 5.21 541 5.41 5.41
75,000 024 043 0.61 078 097 1.06 172 197 222 3.08 3.57 418 435 435 435
100,000 0.18 0.33 0.47 0861 077 0.84 1.36 1.56 1.76 248 284 3.49 389 3.69 3.69
263,732 0.08 0.14 0.20 0.26 0.30 0.34 0.55 0.64 0.76 1.14 1.31 1.62 1.71 1.71 1.71
SPAS #1699 DAD Curves Zone 1
August 27 - September 1, 1941
1,000,000
—+—1-hour
——2-hour
——3-hour
100,000 — 4hour
S-hour
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10,000 4 ——12-hour
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E ——48-hour
=L T2-hour
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100 + 120-hour
o Total storm (120-hour)
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1 n

Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation (inches)
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WAR DEPARTMENT CORPS OF ENGINEERS, U. 5. ARMY

STORM STUDIES - PERTINENT DATA SHEET
Sterm of August 28 = 31, 18l
L "Mf o “n'“ el AHI:[‘I'II‘I'IHIT VET 1=122
Location Forthern Wisconsin and
Study Prepared by: Minn,
i Upper Misslssippl Talley
Mvision
8¢, Paul Matrict 0ffioce
Part I Reviewed by H.M. Sec. of
Weather Bureau, 3/2/42
Part II Approved by Office, Chief
of Engineers for Distribution

-LEGEND- of Factual Data, M
foocy Area WI'"' by Remarks: Center at:
P :]r.: Inuon:ll:-' Haywood snd Mooss Lakm, Wisc.
@z-hr.n Isohryat. T (¥
T, AN foln] TIONS COMPILED
PART I
Preliminary isohyetal map, in L  sheet , scale 1, 1,000,000
Precipitation data and mass curves: (Number of Shetts)
Form 5001-C (Hourly precip. date). - - __ - cccmooacaan. 33
Form 5001-B (24-hour * L TR -
Form 5001-D(* =~ * L TR . U
Miscl. precip. records, meteorological data, ete. . _ .. 3
Form 5002 (Mass rainfall curves)_ _ . _____. L2
BART I

Final lsohyetal maps,in 1 sheet , scale 1,000,000
Data and computation sheets:

Form S-10 (Data from mass rainfall curves)_ ________ .- [
Form 5-1 (Depth-area data from ischyetal map) - - -cowa- 2
Form S-12 (Maximum depth=-duration data)________ ——————— 8
Maximum duration-depth-area curves _____ . __.-- 1
Data relating to periods of maximum rainfall . - - - 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sq. ML Duration of Rainfail in Hours

6 |12 |18 | o | %0 | 3 | LB | & | 72
o | 8.5 |11.5 |12 |12y | 13.3 | 13.8 ME:!: llsh:o 15.0

3 5

13.9 | 1.l

100 | 8.1 [11.,0 [11.,8 |11,8 [ 12,7 |13.3 |13.8

200 | 7.8 [10.46 (11,3 [11.3 [12.3 | 13.0 | 13.4 .

500 | 6.8 | 9.5 |10.2 |10.3 |11.2 |12.0 |12,5 | 12,9 | 13,1 | 13.1
1,000 o6 | B2 | 9.0 | 9.1 | 10,0 |10.9 |11.5 |11.9 | 12.0 | 12,0
2,000 3| 669 | TuT | 749 | 848 | 9.7 |10.L; | 20.8 | 10.9 | 10,9
5,000 | 3.0 | 5.2 E-.s 6.3 1762 | 8.1 8.5 | 93 ﬁ 9.
0,000 | 2.1 | 3.8 6| 5.1 Ir::g 6.8 | 7.8 | 8.2
20,000 | 1.5 | 2.7 | 3.4 T.1 | 7.3
50,000 | 0.9 | 1.6 | 2.1 | 2.5 | 3.1 | 3.6 | L5 i:x 2 | 5.2
60,000 | 0.8 | ledt | 1.9 | 242 | 248 | 343 | Lal 5 E.?
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SPAS 1699 Hayward, WI (UMV 1-22) Storm Analysis
August 27-31, 1941
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Storm Precipitation Analysis System (SPAS) For Storm #1183 1
SPAS Analysis

General Storm Location: Edgerton, Missouri
Storm Dates: July 18-20, 1965
Event: Synoptic
DAD Zone 1
Latitude: 40.4125
Longitude: -95.5125
Max. Grid Rainfall Amount: 20.76”
Max. Observed Rainfall Amount: 20.10” at ATCHISON 65N 41W SCT34

Number of Stations: 387 (90 Daily, 41 Hourly, 4 Hourly Estimated, 2 Hourly Estimated Pseudo, 13 Hourly
Pseudo, and 237 Supplemental)

SPAS Version: 8.5

Base Map Used: Yes, conus_prism_ppt_in_1971 2000_07
Spatial resolution: 00:00:30 (0.3 sq. miles)

Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes
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Storm 1183 - July 18 (0600 UTC) - July 20 (1800 UTC), 1965
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Py Duration (hours)
Area (mi') 2 3 4 5 6 12 18 24 36 48 60 Total
0.4 3.75 5.61 7.30 9.78 10.92 12.00 17.04 17.70 18.50 19.74 19.79 20.64 20.64
1 3.72 5.55 7.23 9.67 10.82 11.88 16.86 17.51 18.30 19.58 19.64 20.41 20.41
10 3.49 5.22 6.79 9.09 10.15 1.1 15.55 16.48 17.56 18.95 19.11 19.63 19.63
25 3.15 4.71 6.12 8.20 9.14 10.00 14.06 15.33 16.35 18.05 18.33 19.01 19.01
50 2.80 4.18 5.45 7.29 8.12 8.88 12.61 14.04 15.09 17.00 17.44 18.24 18.24
100 2.42 3.62 472 6.33 7.02 7.65 10.96 12.38 13.79 15.93 16.40 17.21 17.21
200 2.01 3.02 3.90 5.23 5.79 6.30 9.25 10.59 12.69 14.90 15.38 16.13 16.13
300 1.76 2.62 3.37 452 5.01 5.49 8.21 9.56 11.94 14.24 14.75 15.52 15.52
400 1.60 2.36 3.02 4.01 4.47 4.95 7.91 8.81 11.43 13.79 14.33 15.10 15.10
500 1.48 2.18 277 3.66 4.09 458 7.03 8.34 11.05 13.45 14.00 14.78 14.78
1,000 1.21 1.65 2.15 2.80 3.37 3.82 5.97 7.55 9.92 12.35 13.05 13.83 13.83
2,000 0.97 1.41 1.92 2.51 3.00 3.46 5.17 6.84 8.80 11.13 11.85 12.63 12.63
5,000 0.64 1.10 1.56 2.04 2.38 273 4.06 5.59 7.02 8.97 9.64 10.28 10.28
10,000 0.48 0.86 1.24 1.60 1.86 2.10 3.18 421 5.38 7.05 7.59 8.07 8.07
20,000 0.30 0.61 0.86 1.03 1.25 1.45 2.23 2.84 3.58 4.98 5.36 5.71 5.71
35,221 0.19 0.37 0.45 0.46 0.43 0.83 1.17 1.78 2.29 2.57 3.46 3.72 3.72
SPAS #1183 DAD Curves Zone 1
July 18 - July 20, 1965
1,000,000
——1-hour
—2-hour
100,000 | —+—3-hour
—+—4-hour
5-hour
10,000 G-hour
== 12-hour
—_ —a#— 18-hour
t':é— 1,000 —t—24-hour
g = 36-hour
E —#— 48-hour
100 60-hour
O Total storm (60-hour)
10
1

10 15

Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation (inches)
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Source * 95.51W

hPa

NOAA HYSPLIT MODEL
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Backward trajectories ending at 1200 UTC 18 Jul 65

at 4041 N

CDC1 Meteorological Data

-

e

Job 1D 116763

Tga}%nlactn Direction: Backward Dwration: 72 hrs
Yertical Motion Calculation Method: Model Vertical Velocity
Metecrology: 0000Z 1 Jul 2065 - reanalysis

Job Start: Fri Jul 10 04:24:09 UTC 2015
Source 1 lat.: 40412500 lon.: -85.512500 hgts: 0, 1160, 2800 m AGL
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SPAS 1183 Edgerton, MO Storm Analysis
July 16-19, 1965
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Storm Precipitation Analysis System (SPAS) For Storm #1725 1

SPAS Analysis

General Storm Location: Leonard, ND
Storm Dates: June 27-30, 1975
Event: Local
DAD Zone 1
Latitude: 46.5958
Longitude: -97.3375
Max. Grid Rainfall Amount: 20.66”
Max. Observed Rainfall Amount: 20.00”
Number of Stations: 83
SPAS Version: 10.0
Base Map Used: USGS Report Isohyetal Image
Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: This analysis was based on 83 hourly stations, daily data, and supplemental station

data. We have a good degree of confidence for the station based storm total results. The spatial pattern is

fully dependent on the basemap created from the USGS Isohyetal image. Timing is based on the 13 hourly

stations (see Miscellaneous notes below). Several daily stations were moved to supplemental due to timing

issues and to ensure data consistency.
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Storm 1725 - June 27 (0600 UTC) - July 1 (0500 UTC), 1975
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
Area (mi?) Duration (hours)
1 6 12 18 24 36 48 72 96 Total
0.4 362 9.39 13.25 15.13 15.44 1580 20.58 20.60 20.60 20.60
1 3.60 9.35 13.19 15.06 1536 15.73 20.48 20.50 20.50 20.50
10 3.56 9.24 13.03 1488 1516 1554 2023 2025 2025 2025
25 3.51 912 12 87 14.70 15.01 15.35 19.99 20.03 20.03 20.03
50 340 8.78 12.39 1415 14 .43 14.78 19.24 19.31 19.31 19.31
100 323 8.16 11.54 13.20 13.51 13.84 17.88 18.02 18.02 18.02
200 3.03 7.46 10.68 12.26 12.59 12.90 16.41 16.60 16.60 16.60
300 289 7.00 1017 11.71 12.02 12.32 16.53 16.72 16.72 16.72
400 278 6.65 9.79 11.31 11.58 11.90 14.90 16.12 16.12 16.12
500 268 6.39 9.49 10.98 11.25 11.54 14 .40 14 67 14 67 14 67
1,000 2.3 5.56 842 9.77 10.02 10.26 1261 12.90 12.90 12.90
2,000 1.89 460 T.07 8.25 8.49 8.66 10.43 10.73 10.73 10.73
5,000 1.25 31 497 579 5.94 6.07 724 749 749 749
10,000 0.76 2.0 349 4.09 419 428 512 529 529 529
20,000 0.41 117 21 256 263 284 346 3.61 3.61 3.61
SPAS 1725 DAD Curves Zone 1
June 27 (0600UTC) to July 1 (0500UTC), 1975
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100000 =
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SPAS 1725 Storm Center Mass Curve Zone 1

June 27 (0600UTC) to July 1 (0500UTC), 1975
Lat: 46,5958 Lon: -97.3375
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oW 8 W W o]
Gauges Total Storm (96-hours) Precipitation (inches)
o Dsiy June 27-30, 1975

: ::"Y SPAS 1725 - Leonard, ND

B HourlyPseudo 5 >~ wMiB

< Supplementsl Kilometers

® SE 0 40 80 160

Precipitation (inches) [ 15.01-6.00 []11.01-12.00 [ 17.01-18.00

[N 0.00-1.00 [16.01-7.00 []12.01-13.00 ]18.01-19.00
[ 1.01-2.00 []7.01-8.00 [13.01-14.00[_]19.01-20.00
[1201-3.00 [18.01-9.00 [N 14.01-15.00 [_120.01-21.00
[13.01-400 [79.01-10.00 [N 15.01-16.00

[14.01-500 [110.01 - 11.00 [ 16.01 - 17.00
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0600 UTC 29 Jun 75

Source = at 4660 N S7.34 W

CDC1 Meteorological Data

D629 06/28 0627

Job 1D: 180516 Job Start: Wed Oct 9 14:35:05 UTC 2019
Source 1 lat.: 46.5995800 lon.: -97.337500 hgts: 0, 1160, 2800 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
YYertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Jun 2075 - reanalysis
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Source + at 4660N 9735W
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NOAA HYSPLIT MODEL

Backward trajectories ending at 1200 UTC 29 Jun 75

CDC1 Meteorological Data

'TI*:hllq--.__l
il FAY Y
| #

:"h
R 1 ¥

|
0o

06 18 12 06 00 12 oo 18 12
06729 D628 08127
Job 10 183226 04 UTC 2019

11
Source 1 lat.: 46.600000 lon.: -97.350000 hgts: 0, 1160, 2800 m AGL

Trajectory Direction: Backward
Yertical Motion Calculation Method:
Meteorology: 0000Z 1 Jun 2075 - reanalysis

Job Start: Tue Jun 2? 17:

Dwration: 72 hrs
Model Vertical Velocity
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SPAS 1725 - Leonard, ND Storm Analysis
June 28-29, 1975
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Storm Precipitation Analysis System (SPAS) For Storm #1286 1
SPAS Analysis

General Storm Location: Northern lllinois (Aurora College, IL)
Storm Dates: July 17, 1996 0100 UTC — July 19, 1996 0000 UTC (48 hours)
Event: Mesoscale convective complex (MCC)
DAD Zone 1
Latitude: 41.4575
Longitude: -88.0699
Max. Grid Rainfall Amount: 18.13”
Number of Stations: 173

e 86 daily

e 28 hourly

o 32 hourly pseudo

e 26 supplemental

e 1 supplemental estimated
SPAS Version: 10.0

Base Map Used: 1981-2010 Mean July Precipitation (PRISM)
Radar Included: Yes (KMKX, KLOT and KIND)
Depth-Area-Duration (DAD) analysis: Yes, 1, 2, 3,4, 5, 6, 12, 18, 24, 36 and 48 hours

Reliability of Results: With the exception of the Southwestern corner of the analysis domain, we generally
have a high degree of confidence in the results. Although there was a good deal of measured daily rainfall
amounts infaround the storm center, a lack of hourly data forced us to develop and include several hourly-
pseudo stations based on radar data and a default Z-R relationship.



Storm 1286 - July 17 (0100 UTC) - July 19 (0000 UTC), 1996
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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Area (mi Duration (hours)
(mr) 1 2 3 6 12 18 24 36 48 Total
04 6.22 9.20 11.64 14.70 15.68 17.75 18.00 18.06 18.06 18.06
1 6.16 9.14 11.51 14 .57 15.55 17.62 17.89 17.92 17.92 17.92
10 587 8.60 10.93 13.95 14 .97 17.18 17.42 17.43 17.43 17.43
25 5.54 8.13 10.46 13.47 14.46 16.75 16.98 17.00 17.00 17.00
50 5.00 7.70 9.97 13.03 14.02 16.32 16.57 16.59 16.59 16.59
100 427 7.1 922 1217 13.39 15.60 16.01 16.04 16.04 16.04
200 3.62 6.32 8.19 10.65 12.53 14 .59 15.11 15.16 15.16 15.16
300 3.45 579 7.54 9.89 11.85 13.79 14.35 14.42 14.42 14.42
400 3.26 541 710 9.39 11.36 13.23 13.75 13.86 13.86 13.86
500 3.12 514 6.76 9.0 10.97 12.81 13.31 13.39 13.39 13.39
1,000 2.62 4.36 5.74 7.95 9.81 11.37 11.82 11.90 11.90 11.90
2,000 217 3.65 471 6.72 8.50 9.93 10.36 10.46 10.46 10.46
5,000 1.54 2.61 3.36 479 6.45 7.82 8.33 849 8.49 8.49
10,000 0.96 1.66 2.29 3.54 5.03 6.25 6.77 6.96 6.97 6.97
20,000 0.53 0.97 1.32 219 3.63 4 63 511 532 533 533
36,456 0.32 0.57 0.82 1.38 233 3.00 3.43 3.61 3.62 3.62
SPAS #1286 DAD Curves Zone 1
July 17 - July 19, 1996
100,000
—=—1-hour
—2-hour
10,000 - —=—3-hour
6-hour
12-hour
1,000 - 18-hour
:_ug = 24-hour
8 —=— 36-hour
=y 100 - —+—48-hour
O Total storm (48-
hour)
10
1

Maximum Average Depth of Precipitation (inches)




Incremental Precipitation (in)

SPAS 1286 Storm Center Mass Curve Zone 1

July 17 (100UTC) to July 19 (OUTC), 1996
Lat: 41.4575 Lon: -88.0699249530957
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90w 89°'W 88w 87w 86°Ww N
LS B2 SPAS Storm #1286 - July 17-18, 1996 A

"Aurora College, IL Storm of 1996"
Total 48-hour Rainfall
July 17,1996 0100 UTC - July 19, 1996 0000 UTC (48 hours)

M 0.00-0.50 [ 2.01-2.50 [ ] 4.01-4.50 [[] 6.01-7.00 [ 10.01-11.00 [l 16.01-18.00 [ | 24.01-26.00 = Hourly o Supplemental
M 051-1.00 [] 251-3.00 [] 451-5.00 [[] 7.01-8.00 [l 11.01-12.00 |l 18.01-20.00 [ | 26.01-28.00  © Hourly Pseudo ¢ Supplemental Est.
M 1.01-1.50 []3.01-3.50 [[] 5.01-5.50 [[] 8.01-9.00 [l 12.01-14.00 [l 20.01-22.00 [] dadzones_1286 e Daily

[ 1.51-2.00 [] 3.51-4.00 [ 5.51-6.00 [ 9.01-10.00 [l 14.01-16.00 [[] 22.01 - 24.00 ——



hPa
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1400 UTC 17 Jul 96

CDC1 Meteorological Data

Source * at 4146 N BBOT W

L T - ] s ¥, r =
] - 1 .

701

T T T T T T
12 06 00 18 12 06 OO0 18 12 06 0D 18
ovnT 0716 07is

Job 1D 128570 Job Start: Thu Jun 25 13:42:35 UTC 2015
Source 1 lat. 41457500 lon.: -83.069300 hgts: 0, 1320, 2920 m AGL

ng‘n]actn Direction: Backward Dwuration: 72 hrs
Yertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 000DZ 1 Jul 2096 - reanalysis
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SPAS 1286 Aurora College, IL Storm Analysis
July 17, 1996

°|°'W 94*W ®2'W 0°W 88°W 8w

Hysplit 0 130 20 520
@ Surface @ 850mb e 700mb
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Storm Precipitation Analysis System (SPAS) For Storm #1228 1
SPAS-NEXRAD Analysis

General Storm Location: Eastern Kansas, Northeastern Oklahoma and western Missouri
Storm Dates: June 26 — July 1, 2007
Event: Mesoscale Convective System (MCS)
DAD Zone 1 (entire domain)
Latitude: 37.63
Longitude: -96.05
Max. Grid Rainfall Amount: 25.50”
Max. Observed Rainfall Amount: 21.40” (FALL RIVER, KS)

Number of Stations: 509 (175 Daily, 68 Hourly, 0 Hourly Estimated, 1 Hourly Estimated Pseudo, 60 Hourly
Pseudo, 205 Supplemental, and 0 Supplemental Estimated)

SPAS Version: 9.0

Basemap: PRISM Mean (1971-2000) June precipitation
Spatial resolution: 36 seconds (~0.38 mi?)

Radar Included: Yes (no outages)
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: Given the unblocked, clean and QC’ed radar data coupled with relatively extensive
gauge data, we have a very high degree of confidence in the results. No supplemental estimated stations

were warranted in this analysis.
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Storm 1228 - June 28 (0200 UTC) - July 2 (0000 UTC), 2007
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
A " Duration (hours)
rea (mi) = 2 3 6 12 13 24 36 48 72 77 84 9% Total
0.4 4.68 5.84 6.60 9.12 11.37 14.71 14.90 17.71 22.65 25.42 23.42 2545 2549 25.49
1 480 578 6.53 9.04 11.25 14.57 14.75 17.54 22 47 25.26 23.25 2529 25.32 25.32
10 4.15 5.50 6.28 8.78 10.95 14.04 14.27 17.11 21.82 24.85 22.83 24 .87 2491 2491
25 377 499 6.01 8.49 1071 13 68 1393 16.69 2093 2399 2250 24 02 24 08 24 08
50 3.44 4.66 5.69 8.16 10.54 13.31 13.59 16.33 19.77 22.91 2203 23.05 2317 2317
100 3.10 424 515 7.64 10.23 12.75 13.06 15.74 18.37 21.76 21.37 21.85 22.10 22.10
200 2.72 3.80 470 6.99 9.65 11.82 12.15 14.78 17.12 20.66 20.57 20.91 21.07 21.07
300 249 352 438 6.50 914 11.19 1158 1417 16.48 20.05 2002 2033 2048 2048
400 229 3.30 412 6.13 8.68 10.77 11.19 13.75 16.04 19.63 19.57 19.92 20.07 20.07
500 2.14 3.13 3.02 5.87 8.32 10.44 10.91 13.38 15.64 19.29 19.23 19.60 19.75 19.75
1,000 1.65 2.60 3.29 4.90 7.21 9.25 10.04 12.26 14.27 18.06 17.99 18.47 18.64 18.64
2,000 1.21 208 267 402 6.20 7.85 894 10.95 12.76 16.53 16.46 17.08 17 .30 17.30
5,000 0.80 1.46 1.92 3.00 4.94 6.38 7.26 9.04 10.64 14.00 14.03 14.81 15.06 15.08
10,000 0.55 1.03 1.41 2.24 3.89 5.16 5.93 7.53 8.97 11.85 11.99 12.68 12.94 12.94
20,000 0.34 0.63 0.84 1.47 2.77 3.80 4.46 5.83 7.04 9.49 9.72 10.24 10.50 10.50
50,000 015 029 041 0.70 1.32 1.90 233 318 398 559 5.80 6.17 6.40 6.40
65,762 012 0.23 0.31 0.55 1.03 1.48 1.87 2.51 3.15 4.44 4.59 4.91 5.10 5.10
SPAS #1228 DAD Curves Zone 1
June 28 - July 2, 2007
1,000,000 Thour
——2-hour
100,000 - ——3-hour
—+—6-hour
12-hi
10,000 our
18-hour
& == 24-hour
‘E’ 1,000 1 —#—36-hour
g —+—48-hour
100 ——T72-hour
=T 7-hour
84-hour
10
96-hour
O  Total storm (96-
1 L hour)

10 15

Maximum Average Depth of Precipitation (inches)




Incremental Precipitation (in)
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SPAS 1228 Storm Center Mass Curve Zone 1

June 28 (200UTC) to July 2 (OUTC), 2007
Lat: 37.63 Lon: -96.05
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36°0N

N 98°0'W 97°0W 96°0W

A

Total Precipitation (95-hours)

SPAS #1228
06/28/2007 0200 UTC - 07/02/2007 0000 UTC

Precipitation (inches)

M 000-100 [J501-6.00 [ 10.01-11.00 [l 15.01-16.00 [l 20.01-21.00
W 1.01-200 [J601-7.00 [ 11.01-12.00 [l 16.01-17.00 [l 21.01-22.00
Il 2.01-3.00 []7.01-8.00 [ 12.01-13.00 [l 17.01-18.00 [O] 22.01 - 23.00
[l 3.01-4.00 ] 8.01-9.00 [ 13.01-14.00 [l 18.01-19.00 [] 23.01-24.00
[ 4.01-5.00 [J 9.01- 10.00 [T 14.01- 15.00 [l 19.01-20.00 [[] 24.01- 25.00

°

Daily

Hourly

Hourly Est. Pseudo
Hourly Pseudo
Supplemental
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-39°0N

-36°0N

011172012



at 37.63 N 96.05 W

Source %

hPa

NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 28 Jun 07
CDC1 Meteorological Data
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700

850
973

700
750
800
850
900
950
1000

= =ik

06/28 06/27

o 00 18 12 06 00 18 12 06 00
D6/26

12

This is not a NOAA product. It was produced by a web user,
Job 1D: 386092
Source 1 lat.: 37.63 lon.: -96.05 hgts: 0, 1160, 2790 m AGL
Trajectory Direction: Backward uration: 72 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Jun 2007 - reanalysis

Job Start: Tue Jan 17 15:24:11 UTC 2012
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SPAS 1228 - Welda, KS Storm Analysis
June 25-28, 2007

100°W 98'W 96°W 9w 92'W 90°W 88'W 86"W

Storm Center ||
37.63,-96.05 ]

Hysplit -
@® Surface ® 850mb © 700mb 0 165 330 660
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Storm Precipitation Analysis System (SPAS) For Storm #1296 1
SPAS-NEXRAD Analysis

General Storm Location: Duluth, Minnesota
Storm Dates: June 19-21, 2012

Event: MCC, Flash Flood Event

DAD Zone 1

Latitude: 47.015

Longitude: -91.665

Max. Grid Rainfall Amount: 10.73"

Max. Observed Rainfall Amount: 10.71"
Number of Stations: 405 (83 Daily, 102 Hourly, 31 Hourly Pseudo, and 189 Supplemental)
SPAS Version: 9.5
Basemap: PRISM June 2012 Precipitation
Spatial resolution: 0.01 (~ 0.40 mi?)

Radar Included: Yes
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, daily data, supplemental station data and
NEXRAD Radar. We have a high degree of confidence in the radar/station based storm total results, the
spatial pattern is dependent on the radar data and basemap, and the timing is based on hourly and hourly

pseudo stations.
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Storm 1296 - June 19 (0700 UTC) - June 21 (0300 UTC), 2012
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

2 Duration (hours)
Area (mi)[— 2 3 4 5 6 12 18 24 36 45 Total
04 234 3.7 3.97 4.98 5.76 6.55 9.07 9.32 10.55 10.70 10.72 10.72
1 231 3.68 3.95 4.95 5.71 6.49 9.00 9.26 10.48 10.63 10.65 10.65
10 2.20 3.62 3.87 4.88 5.52 6.28 8.78 9.1 10.30 10.44 10.48 10.48
25 2.1 3.47 3.69 4.65 5.26 5.96 8.39 8.79 9.97 10.19 10.20 10.20
50 2.01 3.25 3.45 4.36 4.94 5.58 7.88 8.65 9.67 9.95 9.96 9.96
100 1.94 3.00 3.28 4.03 4.58 5.13 7.36 8.51 9.38 9.68 9.70 9.70
200 1.87 273 312 3.70 423 473 6.89 8.21 9.05 938 9.38 9.38
300 1.81 2.58 3.00 3.52 4.04 4.58 6.65 7.92 8.79 9.14 9.15 9.15
400 1.77 248 287 3.39 3.92 4.44 6.47 7.68 8.59 8.95 8.97 8.97
500 1.74 239 280 3.28 3.81 4.32 6.31 7.50 8.43 8.81 8.83 8.83
1,000 1.56 2.15 258 2.94 3.43 3.86 5.75 6.98 7.91 8.36 8.38 8.38
2,000 1.34 1.89 228 2.65 3.03 3.40 5.21 6.47 7.39 7.82 7.87 7.87
5,000 0.99 1.45 1.83 217 2.49 2.82 450 537 6.28 6.74 6.76 6.76
10,000 0.67 1.07 1.45 1.76 2.03 2.37 3.79 4.44 5.24 5.71 5.77 5.77
20,000 0.40 0.72 0.98 1.28 1.54 1.83 298 3.46 4.08 459 468 4.68
50,000 0.19 0.35 048 0.66 0.80 0.94 1.62 2.00 241 279 2.88 2.88
51,309 0.18 0.34 0.47 0.64 0.78 0.92 1.58 1.96 2.36 273 2.83 2.83
SPAS #1296 DAD Curves Zone 1
June 19-21, 2012
1,000,000

——1-hour

——2-hour

100,000 - ——3-hour

—t+—4-hour

5-hour

10,000 6-hour

_ ——12-hour

é 1,000 —=—18-hour

g —+—24-hour

< ——36-hour

100 45-hour

O Total storm (45-hour)

10 A

12

Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation {inches)
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20 1
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SPAS 1296 Storm Center Mass Curve: Zone 1
June 19 (700 UTC) - June 21 (300 UTC), 2012
Lat: 47.015 Lon:-81.665
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91"W 90°W

96"W 95°'W 94w 93*W 92°'W

94w 93w 92°'W 91°W

Total Storm (45-hr) Precipitation (inches)
June 19 (0700 UTC) - 21 (0300), 2012
SPAS-NEXRAD 1296

Gauges
@ Daily
E  Houly Miles
= Houly Pseudo 0 35 70 140 .
Kilometers
©  Supplements| 0 80 160 320

Precipitation (inches)
M 000-050[_]201-250[]401-450[87.01-8.00
[Blo.51-1.00[]251-3.00[]451-5.00 1] 801-9.00
[ 1.01-1.50 ] 3.01 -3.50 [} 5.01 -6.00 ] 9.01 - 10.00
[C1151-200[]351-4.00lll601-7.00[]10.01-11.00

9/18/2013




Source ¥ at 47.02N 91.67 W

hPa
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 20 Jun 12
CDC1 Meteorological Data
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Job |D: 17484 Job Start: Wed Sep 18 17:40:58 UTC 2013
Source 1 lat.: 47.020000 lon.: -81.670000 hgts: 0, 1050, 2700 m AGL
Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Jun 2012 - reanalysis
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SPAS 1296 Duluth, MN Storm Analysis
June 17--20, 2012
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Local Storms



Page 168 of 329

Storm Precipitation Analysis System (SPAS) For Storm #1426 1
SPAS Analysis

General Storm Location: Cooper, Ml
Storm Dates: September 1 — September 2, 1914
Event: Extreme Precipitation Event
DAD Zone 1
Latitude: 42.3708
Longitude: -85.5875
Max. Grid Rainfall Amount: 13.39”
Max. Observed Rainfall Amount: 12.80”
Number of Stations: 30
SPAS Version: 10.0
Base Map Used: Continental United States 2 year 6 hour (conus_0002yr06h)
Spatial resolution: 0.2451
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: In addition to the NCDC stations, three hourly stations were digitized from the U.S.
Army Corp of Engineers (USACE) Storm Study Pertinent Data Sheet (included below). These stations only
provided precipitation timing for the time period beginning on August 31, 1914 at 6pm EST and ending at
6pm the following day. Due to the lack of hourly information, a 25-hour Core Precipitation Period (CPP)
was established for this time period. While precipitation did fall outside of the CPP, results are unreliable
due to the lack of data. The resulting DAD values are slightly less than those determined by the initial
USACE report. Major adjustments were completed in order to simulate USACE results, however the original
analysis likely over generalized the storm area and this analysis likely provides a more accurate depiction

of the event.



Storm 1426 - August 31 (0000 UTC) - September 1 (0000 UTC), 1914
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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3 Duration (hours)
Area (mi) = 2 3 4 5 6 12 24 Total
04 364 6.66 10.30 11.51 12.73 13.33 13.33 13.33 13.33
1 3.61 6.61 10.21 11.41 12.62 13.23 13.23 13.23 13.23
10 348 6.38 9.70 10.84 11.98 12.55 12.55 12.55 12.55
25 3.40 6.23 9.18 10.30 11.34 11.88 11.93 11.93 11.93
50 3.29 6.02 8.55 9.82 10.61 11.07 11.40 11.40 11.40
100 3.10 568 7.83 9.24 9.82 10.26 10.74 10.75 10.75
200 2.81 513 7.03 8.36 8.87 9.29 9.74 9.74 0.74
300 2.56 4.67 6.37 7.60 8.06 8.45 8.88 8.89 8.89
400 2.35 4.27 5.82 6.96 7.37 7.74 8.17 8.18 8.18
500 2.18 3.93 5.37 6.39 6.79 7.1 7.58 7.58 7.58
1,000 1.64 2.97 4.09 4.82 5.16 540 5.83 5.84 5.84
2,000 1.19 2.23 3.03 3.56 3.83 4.04 4.40 4.41 4.41
5,000 0.70 1.33 1.81 213 2.30 2.43 2 67 268 2.68
10,000 0.42 0.81 1.11 1.30 1.41 1.49 1.64 1.65 1.65
12,928 0.35 0.68 0.92 1.09 1.18 1.24 1.37 1.37 1.37
SPAS #1426 DAD Curves Zone 1
August 31 - September 1, 1914

100,000 —=— 1-hour

——Z-hour

10,000 - —=—3-hour

4-hour

S-haur

—_ 1,000 - B-hour

E:E' —t—12-hour

E 100 4 —a— 24 hour
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SPAS 1426 Storm Center Mass Curve Zone 1

August 31 (0000UTC) to September 1 (0000UTC), 1914
Lat: 42,3708 Lon: -85.5875
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September 1, 1914 0000 UTC - September 2, 1914 0500 UTC
SPAS #1426
Stations Precipitaiton (inches)
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[ Ja01-450 M 651-900  |13.01-1350
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WAR DEPARTMENT CORPS OF ENGINEERS, U. S. ARMY

STORM STUDIES - PERTINENT DATA SHEE'I; 1914:
Storm of 31 Aug.-l Sept.

i A . U Assignment GL 2-16

Location Michigan

Study Prepared bg:

Great Lakes Division
Milwaukee District Office and
Hydrometeorological Section of
Upart JoRE Tewe By H. M. Sec. of

Weather Bureau, 10/26/39
Part II Approved by Office, Chief
of Englineers for Distribution

of Factual Data, 10/26/46
Remarks: Centers near

r---1 Area covsred by
i..-: Tinal ischyetai map..

@ Ares incloned by Cooper and Bloomingdale,

3-Inch isohyet. '
= Extrapolate LOCATION MAP Mich.

ATA A COMPUTATIONS COMPIL
PART 1
Preliminary Isohyetal map, in 1L sheet , scale 1 : 2,500,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. data)___________________....
Form 5001-B (24-hour * " e e e ———
Form 5001-D (* ™ ® D T
Miscl, precip. records, meteorological data,etc.______ ________
Form 5002 (Mass rainfall curves)_ _ _ _ . _ __ _ . ____ __ ..

ART

Final isohyetal maps,in 1 sheet , scale 1 : 1,000,000

Data and computation sheets:
Form S-10 (Data from mass rainfall curves)_______.______
Form S-il (Depth-area data from isohyetal map)_______.____
Form S$-12 (Maximum depth-duration data)_ ... o=
Maximum duration-depth-area curves_ __________________
Data relating to perlods of maximum rainfall_____________

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sg. Mi. Duration of Rainfall in Hours

Ol v

U o B B .+

o~
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[l el el o
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WAR DEPARTMENT CONPS_QF ENGINEERS, U S ARMY
STORM STUDIES - ISOHYETAL MAP
Storm of _ Aug. 31-Sept. 1, 1914 Assignment _GL 2-16

Study Prepared by: lilwsukee, Wisc. District
Great Lakes Divigion
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Storm Precipitation Analysis System (SPAS) For Storm #1521 2
SPAS Analysis

General Storm Location: Bassano, Alberta
Storm Dates: May 29 - June 2, 1923
Event: Synoptic/Convective Event
DAD Zone 1

Latitude: 50.4375°

Longitude: -114.3042°

Max. Grid Rainfall Amount: 167mm

Max. Observed Rainfall Amount: 171mm
DAD Zone 2

Latitude: 50.7792°

Longitude: -112.5708°

Max. Grid Rainfall Amount: 196mm

Max. Observed Rainfall Amount: 191mm

Number of Stations: 90 (65 Daily, 1 Hourly, 2 Hourly Pseudo, O Hourly Estimated Pseudo, and 22
Supplemental)

SPAS Version: 10.0

Basemap: Blended PRISM July 1961-1990 Climatology (Canada) and AL 5-23 Isohyetal
Spatial resolution: 30 second (degree: minute: second, WGS84, ~ 0.3 mi2, 0.78 km?)
Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, daily data, supplemental station data and
AL 5-23 data. We have a good degree of confidence in the station based storm total results, the spatial
pattern is dependent on the station data and a basemap. The timing is based on hourly and hourly pseudo

stations.



Page 178 of 329

Storm 1521 Zone 2 - May 29 (0800 UTC) - June 3 (0700 UTC), 1923
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
areasgmi 1 2 3 4 5 6 12 18 24 36 48 72 96 120 Total
0.2 2.02 3.89 5.73 6.00 6.20 6.23 6.63 6.93 6.93 7.15 7.53 7.72 7.72 7.72 7.72
1 2.02 3.89 5.73 5.99 6.20 6.23 6.63 6.93 6.93 7.15 7.53 7.72 7.72 7.72 7.72
10 2.00 3.86 5.70 5.96 6.17 6.20 6.60 6.89 6.89 7.11 7.49 7.68 7.68 7.68 7.68
25 1.99 3.83 5.64 5.91 6.11 6.14 6.54 6.84 6.84 7.05 7.43 7.62 7.62 7.62 7.62
50 1.96 3.78 5.56 5.77 6.02 6.05 6.38 6.74 6.74 6.95 7.25 7.44 7.44 7.52 7.52
100 1.90 3.67 5.41 5.61 5.85 5.88 6.21 6.55 6.55 6.76 7.06 7.17 7.25 7.32 7.32
150 1.85 3.56 5.25 5.45 5.68 5.71 6.04 6.37 6.37 6.58 6.87 6.99 7.06 7.12 7.12
200 1.79 3.46 5.09 5.29 5.51 5.54 5.86 6.19 6.19 6.39 6.68 6.79 6.87 6.92 6.92
300 1.69 3.25 4.79 4.97 5.05 5.20 5.52 5.84 5.84 6.04 6.37 6.43 6.49 6.55 6.55
400 1.58 3.05 4.50 4.66 4.73 4.89 5.23 5.52 5.52 5.71 5.98 6.17 6.21 6.21 6.21
500 1.48 2.86 4.22 4.41 4.57 4.59 4.93 5.13 5.13 5.41 5.70 5.83 5.86 5.89 5.89
1,000 1.11 2.20 2.40 3.35 3.40 3.40 3.77 3.77 3.77 4.22 4.54 4.63 4.63 4.69 4.69
2,000 0.74 1.54 1.62 2.25 2.25 2.39 2.72 2.74 2.75 2.75 3.54 3.54 3.54 3.79 3.79
5,000 0.45 0.78 0.98 1.12 1.30 1.44 1.79 1.99 2.00 2.05 2.27 2.52 2.52 2.64 2.64
10,000 0.29 0.43 0.84 0.84 0.84 0.84 1.07 1.12 1.39 1.59 1.81 1.86 1.86 1.92 1.92
13,567 0.21 0.41 0.60 0.63 0.66 0.67 0.92 1.05 1.06 1.41 1.58 1.63 1.63 1.63 1.63

SPAS #1521 DAD Curves Zone 2
May 29 - June 2, 1923
100,000 —— 1-hour
—— 2-hour
10,000 -
—e— 3-hour
1,000 -
& 4-hour
g
(48]
(] ——5-hour
Z 100 -
10
1
0 1 2 3 4 5 6 7 8
Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation (inches)

SPAS 1521 Storm Center Mass Curve: Zone 2
May 29 (0800 UTC) - June 3 (0700 UTC), 1923
Lat: 50.78 Lon: -112.57
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116°W 114*wW 1M2*°wW

116w 14°W 1M2*'wW

Total Storm (120-hr) Precipitation (inches)
5/29/1923 (0800 UTC) - 6/03/1923 (0700 UTC)

e SPAS 1521
e Daily
= Hourly _
= Hourly Pseudo 0 375 75 150
o  Supplemental : = - mfometen

Precipitation (inches)
o038-1.00[ ]201-3.00 [ ]4.01-5.00 6.01-7.00
[]1.01-2.00 []3.01-4.00 J501-6.00[ ]7.01-8.00

4/16/2015
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SPAS 1521 Storm Analysis Zone 2
May 31-June 1, 1923
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Storm Precipitation Analysis System (SPAS) For Storm #1427 1

SPAS Analysis

General Storm Location: Boyden, IA

Storm Dates: September 17 — September 18, 1926

Event: Extreme Precipitation Event
DAD Zone 1
Latitude: 43.1958
Longitude: -95.9958
Max. Grid Rainfall Amount: 24.22”
Max. Observed Rainfall Amount: 24.01”
Number of Stations: 159
SPAS Version: 10.0
Basemap: Manually digitized contours
Spatial resolution: 0.242
Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: In addition to the NCDC stations, four hourly stations were digitized from the U.S.
Army Corp of Engineers (USACE) Storm Study Pertinent Data Sheet (included below). These stations only
provided precipitation timing for the time period beginning on September 17 around 12:00 CST to 18:00
CST on September 18. Data mining also produced an additional supplemental station at Foss Field/Sioux
Falls Regional Airport, SD. Due to the lack of hourly information, a 32-hour Core Precipitation Period (CPP)
was established for this time period. While precipitation did fall outside of the CPP, results are unreliable
due to the lack of data. In addition to the three digitized hourly stations, an additional estimated hourly
station with 2.40 inches of accumulated precipitation over the CPP was created in order to represent later
timing as the frontal passage moved eastward. The resulting DAD values are about equal to those of the
previous analysis. There are slight deviations, both high and low, which are likely due to the original analysis
over generalizing the storm area. For this reason, the current analysis is considered more reliable and

represents a more accurate depiction of the event.
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Storm 1427 - September 17 (1800 UTC) - September 19 (0100 UTC), 1926
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Area (mi%) Duration (hours)
1 2 3 4 5 6 12 18 24 30 32 Total
0.4 3.37 6.39 968 12.72 15.78 18.37 23.60 2414 2414 24 14 24 14 24.14
1 3.29 6.23 9.45 12.42 15.41 17.93 23.46 24.01 24.01 24.01 24.01 24.01
10 2.83 5.35 8.15 10.67 13.25 15.45 20.98 21.48 21.48 21.48 21.48 21.48
25 262 497 7.57 9.91 12.33 14.38 19.73 2017 2017 2017 2017 20.17
50 2.44 462 7.06 9.20 11.48 13.41 18.79 19.18 19.19 19.19 19.19 19.19
100 2.24 425 6.47 8.46 10.60 12.43 17.62 18.04 18.04 18.04 18.04 18.04
200 203 388 589 771 966 1132 16.17 16.51 16.51 16.51 16 .51 16.51
300 1.90 363 545 77 8.98 10.52 15.10 15.41 15.42 15.42 15.42 15.42
400 1.81 3.45 516 6.82 8.51 0.94 14.21 14.50 14.51 14.51 14 .51 14.51
500 173 332 4 96 6.55 8.16 950 13.49 13.77 13.78 13.78 1378 13.78
1,000 1.40 267 4.00 5.28 6.57 7.68 11.07 11.33 11.35 11.35 11.35 11.35
2,000 1.03 1.98 293 3.86 483 573 8.55 8.94 9.03 9.03 9.03 9.03
5,000 0.79 1.50 218 273 3.32 3.89 6.20 6.60 6.69 6.69 6.69 6.69
10,000 0.65 1.26 1.80 2.24 2.66 3.09 490 5.34 5.43 543 5.43 5.43
20,000 0.53 1.02 1.44 1.82 2.15 2.49 3.87 433 4.40 4 .40 4.40 4.40
50,000 0.38 0.72 1.05 1.31 1.53 1.73 2.66 299 3.08 3.08 3.08 3.08
100,000 0.24 0.47 0.66 0.83 1.01 1.16 1.79 2.02 2.06 2.06 2.06 2.06
104,550 0.23 0.45 0.64 0.81 0.96 1.12 1.74 1.97 2.01 201 2.01 2.01
SPAS #1427 DAD Curves Zone 1
September 17 - 19, 1926

1,000,000 TFour

——2-hour

100,000 —=—3-hour

—+—4-hour
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10,000 6-hour
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% 1!000 —#—18-hour

g —+—24-hour

< = 30-hour

100 e 3 2-hOUT

10
1

Maximum Average Depth of Precipitation (inches)
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SPAS 1427 Storm Center Mass Curve Zone 1

September 17 (1800UTC) to September 19 (0100UTC), 1926
Lat:43.1958 Lon: -95.9958

Incremental Precipitation (in)
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N [ c— V)
A Total 32-hour Precipitation (inches) e &
September 17, 1926 1800 UTC - September 19, 1926 0100 UTC a
SPAS #1427

Stations Precipitation (inches)

o Daily Mo 2-1.00 ]601-7.00 []1201-13.00 [l 1801-19.00

& Hourly I 101-200[  ]7.01-800 13.01-14.00 [l 19.01 - 20.00

@ Hourly Estimated I 201-3.00[ ]801-9.00 []14.01-15.00 [l 20.01-21.00

®  Hourly Estimated Pseudo [l 3.01-4.00 | 9.01-10.00 [ 15.01 - 16.00 [l 21.01 - 22.00

¢  Supplemental [ 4.01 -5.00 [ 10.01 - 11.00 [l 16.01-17.00 ] 22.01-23.00

¢ Supplemental Estimated [ | 5.01-6.00 [[.] 11.01 - 12.00 [Jjil] 17.01-18.00 [ __]23.01-24.00

I:I 2400 + ADH 10242014
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CORPS OF ENGINEERS

STORM STUDIES - PERTINEN

T DATA SHEET

soe ICAI-,! or ‘*Llﬁ

;---1 Area covarad by
t...: final isohyetal map.
Area inciesed by

-Storm 6f 17-19 September 1926
Assignment MR 4-2L

Location Ia,Minn,Nebr.S.D. & Wisd
Study Prepared by:

Missouri River Division

Omaha Distriet Office

Part I Reviewed by H.M. Sec. of
Weather Bureau, 8/5/47

Part II Approved by Office, Chief
of Engineers for Distribution
of Factual Data, 12/2%7,7

Remarks: Centers near

Boyden & Maurice, Ja.

Dewpt. 70° - Ref. Pt, 175 SSE

Pretiminary isohyetal map,in 2
Precipitation data and mass curves:

4-ineh § 1.
nch fsshye LOCATION MAP Grid C-16
DATA AND COMPUTATIONS COMPILED
PART I

sheets, scale 1:550,000

(Number of Sheets)

Form 5001-C (Hourly precip. data). _ . _ . __ . _________._.. 8
Form 5001-B (24-hour * LI T -
Form 5004-D (% » LD T 11
Miscl. p,'ecip. records, meteorological data,efc._ . ____ ________ 29
Form 5002 (Mass rainfall curves)_ _ _ __ ____ ___ . _________.. 27
PART IT
Final isohyetal maps,in 1 sheet , scale 1:1,000,000
Data and computation sheets:
~ Form S-10 (Data from mass rainfall curves)______________ 3
Form S-11 (Depth-ares data from isohyetal map)___________ 2
Furm S-12 (Maximum depth-duration data)_______________._ 17
Maximum duration-depth-area curves_ ________________._.._ 1
Data relating to periods of maximum rainfall___ __________ 7
MAXIMUM - AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sq. Mi. Duration of Rainfall in Hours
6 12 18 [ty 30 36 L8 5k
Max.Station |18.4 | 23.5| 2L.0] 2L.0| 2k.0} 2L4.0 24.0]-2k.0] -
10 |15.2 | 20.7 | 21.7| 2.7 21.7| 21.7| 21.7| 21.7
100 [12.8|17.1(17.8] 17.8| 17.8| 17.8| 17.8| 17.8
200 [ 11,7 | 15,8 | 16,6 | 16,6 | 16.6| Lo,6] 16.6| 16.6
S00 | 9.4|12.6)13.3|13.3113.3|13.3]13.3| 13.3
1,000 | 7.5 19.1| 10.4] 20.6| 10.6( 10.6| 10.6| 10.5
2,000 | 5.9| 8.0} 8.2 &.6| B.65| 8.6 B.5| Bl6
5,000 | L.1| 6.3| o.i| 6.6( 6.5 6.6] 6.6] 6.6
10,000 | 3.0 5.2| 5.4 5.5 5.5 5.6| 5.6| 5.5
20,000 | 2.1 L.l 4.3 | L.L| L5 0.8 L.9| L.9
50,000 | l.4| 2.7| 2.9| 3.0| 3.2 3.5 3.8 3.8
63,000 | L1.2| 2.4| 2.6 2.7| 2.9| 3.3| 3.5| 3.5

Form 5-2
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DEPARTMENT OF THE ARMY CORPS OF ENGINEERS
STORM STUDIES = ISOHYETAL MAP
Storm of 17-19 September 1926 Assignment _MR 4-24

Study Prepared by:_ Omaha, Nebr, District
Migsouri River Piwision

i )

S

5

Storm Perlod_54 _hours S

7 from__2 AM Sept, 17 SCALE
to_ B8 AN Sept. 19 19,000,000
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Storm Precipitation Analysis System (SPAS) For Storm #1736_1
SPAS Analysis

General Storm Location: Stanton, NE
Storm Dates: June 9-13, 1944
Event: General
DAD Zone 1
Latitude: 41.8208
Longitude: -97.0292
Max. Grid/Radar Rainfall Amount: 17.49”
Max. Observed Rainfall Amount: 17.40”
Number of Stations: 905
Base Map Used: Blend of Isohyetal Map and Conus PRISM Climatology
Spatial resolution: 0.2427
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: This analysis was based on 905 hourly pseudo stations, daily data, and
supplemental station data. We have a good degree of confidence for the station based storm total results.
The spatial pattern is fully dependent on the blended basemap. Timing is based on the hourly pseudo
stations created from the mass curves in USACE storm study MR 6-15. Several daily stations were moved
to supplemental due to timing issues and to ensure data consistency.
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SPAS 1736 - June 9 (0700 UTC) - June 14 (0600 UTC), 1944
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHE S)

.2 Duration (hours)
Area (mi“)
1 6 12 18 24 36 48 72 96 120 Total
0.4 ain 1657 15.87 16.87 15.89 16.10 16.95 17.44 17.44 17.44 17.44
1 310 15.50 15.80 15.80 15.82 16.02 16.86 17.35 17.35 17.35 17.35
10 3.05 15.26 15.57 15.57 15.58 15.78 16.65 17.12 17.12 17.12 17.12
25 3.02 1511 15.40 1540 1542 15.62 16.50 16.99 16.99 16.99 16.99
50 2.92 14.62 14.91 14.91 14.93 15.12 16.00 16.45 16.48 16.45 16.48
100 21 13.56 13.82 13.82 13.64 14.03 14.92 1637 1637 16.37 1637
200 2.4 11.68 1.9 11.93 11.97 12.25 13.14 13.72 13.72 13.72 13.72
300 210 10.52 10.74 10.79 10.89 11.29 12.13 12.82 12.82 12.82 12.82
400 1.96 9.78 10.03 10.08 1019 10.64 11.45 1212 12.12 12.12 1212
500 1.85 9.24 9.61 9.58 9.68 1014 10.95 11.59 11.59 11.59 11.59
1,000 1.55 774 5.08 8.18 8.27 8.65 9.44 10.00 10.00 10.00 10.00
2,000 1.27 6.29 6.74 6.85 6.93 7.30 8.04 8.55 8.55 8.55 8.55
5,000 0.96 431 495 506 517 561 6.24 6.72 6.72 6.72 6.72
10,000 0.76 321 3.74 3.85 397 4.48 5.04 544 5.45 5.45 5.45
20,000 0.57 242 2.83 292 3.03 347 3.92 429 4.3 4.3 4.31
50,000 0.36 144 1.69 1.76 1.85 2.34 275 3.09 310 3.10 3.10
99,026 0.23 0.95 1.12 1.17 1.22 1.55 1.84 210 210 210 210
SPAS 1736 DAD Curves Zone 1
June 9 (0700UTC) to June 14 (0600UTC), 1944
1000000 L L L
100000 -
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Incremental Precipitation (in)

SPAS 1736 Storm Center Mass Curve Zone 1
June 9 (0700UTC) to June 14 (0600UTC), 1944

Lat: 41.8208 Lon: -97.0292
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102:wW 100°W 98w °|*w 24w €«e*w
Total Storm (120-hours) Precipitation (inches)
Goages June 9-13, 1944
o SPAS 1736 - Stanton, NE
H  Hourly Miles
H HEP 0 a0 120 240
B HourlyPseudo A iy - 48:;“"’"9‘&'5
©  Supplemens!

Precipitation (inches) [ ]4.01-5.00 []9.01-10.00 [ 14.01-15.00

[ 0.00-1.00 [1501-6.00 []10.01-11.00 [115.01 - 16.00
[ 1.01-2.00 [16.01-7.00 [ 11.01-12.00 []16.01 - 17.00
[[72.01-3.00 [17.01-8.00 M 12.01 -13.00 [_]17.01-18.00

[13.01-400 [[78.01-9.00 N 13.01 - 14.00
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STORM STUDIES

20m7s_or gnewmggas

= PERTINENT DATA SHEET

Storm of 10-13 June 194
Assignment MR 6-15

Location Ia,, Nebr., 8. Dk,
Study Prepared by:

Missouri River Division
Omaha District Office

Part I Reviewed by H.M. Sec. of
Weather Bureau, 8/7/L6

Part II Approved by Office, Chief
of Engineers for Distribution
of Factual Data, 2/10/48

Remarks: Center near

Preliminary |sohyetal map, in 2

Precipitation data and mass curves:

Stanton, Nebr.
Dewpt, 70°- Ref, Pt, 125 SSE
Grid D.1s
TIONS |
PART I

sheets, scale 1:500,000
(Numbar oI Sheets)

Form 5001-C (Hourly precip. data). . - _ oo 56
Form 5001-8 (24-hour * O o i o -
Form 5001-D (* = * ot KN 19
Miscl. precip. records, meteorological data,etc.. o oo .. 1
Form 5002 (Mass rainfall curves). - - e mmaa L
~ PART X
Final isohyetal maps,in 1 shest , scale 500,000
Data and computation sheets:
Form S-10 (Data from mass rainfall curves) __._._.________. 3
Form S-i1 (Depth-area data from ischyetal map). .. _____. 2
Form S$-12 (Maximum depth-duration data). ... _______._ 13
Maximum duration-depth-area curves_ ___ .. ... .. 1
Data relating to perlods of maximum rainfall .. - - . s
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sq. MI. Duration. of Rainfall in Hours
6 112 |18 30 136 | L8 |60 | 72
Max St 135:5115:8-115; ﬁs—%%w 31173
10 13.h [15.3 [15.3 [15.3 |15.3 [15.3 |16.2 |16.4 |16.7 |16.7
100 11,7 [13.6 |13.6 [13.6 |13.6 |13.7 [1Lk.8 [1L.9 |15.1 |15.1
200 [1l.1 [12.9 |12.9 [12.9 |12.9 |13.1 (1L.1 |1L.3 | Lb.b | Qk.L
50 | 9.8 [11.3 [11.5 |11.5 |11.5 |11.6 |12.5 |12,7 [12.8 [12.8
1,000 | 7.8 [ 9.0 | 9.3 | 9.3 | 9.3 | 9.4 [10.1 |20.4 [20.4 [10.L
2,000 ?g 6.9 | 71| 7.2 | 7.2 7.3]|7.8]| 8.1 8.1 8.2
5,000 | 3.k | LO [ Le2 | b6 | Lo7 | Le9 | 5.3 | 5.5 E.? 5.8
10,000 | 2.2 | 2.5 | 2.7 | 3.5 | 3.9 | Lo | LS| L7 9 | 5.0
16,000 | 1.8 | 2.0 | 2,2 | 2.9 | 3.5 | 3.7 | b4 | ko3 | LoS5 | ke

Form 5-2
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Storm Precipitation Analysis System (SPAS) For Storm #1434 1
SPAS Analysis

General Storm Location: Holt, Missouri
Storm Dates: June 18 — June 23, 1947
Event: CORPS of Engineers, US Army Assignment MR 8 — 20
DAD Zone 1
Latitude: 39.4542
Longitude: -94.3292
Max. Grid Rainfall Amount: 17.62”
Max. Observed Rainfall Amount: 17.62”
Number of Stations: 162
SPAS Version: 10.0
Basemap: Manually digitized contours using Army CORPS of Engineers isohyetal map.
Spatial resolution: 0.2548
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: Ten of the eleven hourly stations used in this analysis were manually digitized from either
the Army CORPS of Engineers’ pertinent data report or from local climatological data. The last hourly station
was estimated from the spas precipitation grid due to daily and supplemental stations nearby needing more
accurate timing. This provided very high accuracy of the hourly data, which is essential in the timing of the daily
and supplemental stations. Of the 28 supplemental stations, 8 were formatted as daily stations. These stations
were in the supplemental file due to there being more data on either end of the storm duration as defined for this
analysis. For example, if the daily station took measurements in the morning, then there may have been more
precipitation reported for the remainder of the storm that was actually part of the following day’s observation.
Alternatively, if a station had an observation time in the evening then there could have been data not used from
the day before that was valid for the period of the storm and could be added to the analysis. An additional 8
stations found in the CORPS report were added to the supplemental file as well. With all of the data being
thoroughly inspected, the DAD and precipitation pattern following closely to the Army CORPS of Engineers
report, and the precipitation totals for various periods throughout the storm being consistent with previous
reports, this analysis is considered to be reliable.
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Storm 1434 - June 18 (0700 UTC) - June 24 (0600 UTC), 1947
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
Arca (miz) Duration (hours)
1 6 12 18 24 36 48 72 96 108 Total
0.4 11.95 12.96 13.08 13.08 13.08 13.08 14.71 16.72 17.45 17.55 17.55
1 11.85 12.85 12.97 12.97 12.97 12.97 14.59 16.58 17.31 17.42 17.42
10 11.06 12.01 12.14 12.14 12.14 12.14 13.81 15.84 16.66 16.74 16.74
25 10.31 11.23 11.37 11.37 11.37 11.37 13.08 15.07 15.94 16.01 16.01
50 935 10.22 10.38 10.38 10.38 10.38 12.01 14.00 14 .87 14.96 14.96
100 8.07 8.91 9.02 9.02 9.02 9.02 10.60 12.55 13.46 13.64 13.64
200 6.84 7.65 7.75 7.75 7.75 7.75 9.35 11.25 12.10 12.32 12.32
300 6.11 6.99 7.09 7.09 7.09 7.09 8.72 10.55 11.41 11.65 11.65
400 5.60 6.54 6.64 6.64 6.64 6.64 8.29 10.09 10.95 11.19 11.19
500 523 6.20 6.29 6.30 6.30 6.30 7.97 9.74 10.60 10.85 10.85
1,000 4.03 525 533 535 535 535 7.01 8.85 9.54 9.80 9.80
2,000 3.13 4.39 4.50 453 453 453 595 7.92 8.43 8.74 8.74
5,000 224 3.40 3.58 3.63 3.63 3.64 4.69 6.44 6.79 7.04 7.04
10,000 1.59 2.68 2.86 293 293 293 3.84 534 5.60 577 5.77
20,000 1.00 2.00 2.26 2.34 2.34 234 3.03 415 4.39 4.54 4.54
50,000 0.54 1.06 1.23 1.28 1.34 1.40 1.90 2.66 2.85 297 2.97
53,668 0.52 1.01 117 1.22 1.27 1.32 1.83 255 273 2.85 2.85
SPAS #1434 DAD Curves Zone 1
June 18 - June 24, 1947
100,000
== 1-hour
——6G-hour
—=—12-hour
10,000
—+— 18-hour
24-hour
1,000 36-hour
‘E —=—48-hour
v} —+—T72-hour
2
< 100 ——96-hour
=== 108-hour
8 Total storm (108-
10 hour)
1

20

Maximum Average Depth of Precipitation (inches)




Incremental Precipitation (in)

SPAS 1434 Storm Center Mass Curve Zone 1

June 18 (0700UTC) to June 24 (0600UTC), 1947
Lat: 39.4542 Lon: -94.3292
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96°W 95°W 94°W 93°wW

40°N

N 96°w 95°W 94°W 93°w Miles

A 0 10 20 40

Total 108-hour Precipitation (inches)
June 19, 1947 0000 UTC - June 23,1947 1200 UTC
SPAS #1434

Precipitation (inches) Stations

M o.o0-050[ ]251-3.00 [ ]5.01-6.00 [ 101-115 e D
Wost-100[ ]|3.01-350 [ ]6.01-7.00 ] 116-13.0 =« H
[ 1.01-150 [ ]3.51-4.00 [[]7.01-8.00 [l 13.1-145 o HE
[ 1.51-2.00 [] 4.01-4.50 [l 8.01-9.00 [[] 146-160 ¢ S
[]201-250 [7] 4.51-5.00 [ 9.01-100[]16.1-175

[J176+

KLL 10/21/2014
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CORPS OF EMGINEERS

STORM STUDIES - PERTINENT DATA SHEET

Assignment MR 8-20
Location 111

Omaha District Office

Weather Bureau,

of Factual Data,
Remarks:

;anter near Holt, Mo.

;---1 Area covered by
i..-! final isohyetal map.
Area inclosed by

Form 5001-C (Hourly preclp. data)_. ...
Form 5001-B (24-hour * "
Form 5001-D (* *

This study was computed
by the Regional Method

L] } _________

Form 5002 (Mass rainfall curves)_________ _in their entirety.

PART II

sheet , scale 1li.uu,uuU

- - —— i an -

Final isohyetal maps, in 1
Data and computation sheets:

Storm of 18-23 June 1947

s Ia, Kans, Minn,

Study Pre}g?-ehéﬁ tgif: & S.Dak.

Missowrl River Division

Part I Reviewed by H. M. Sec. of
12/17/52
Part II Approved by Office, Chief
of Engineers for DIstribution
9/10/54

2-inch isohyet. | OCATION _MAP Devpoint 75°, Tefs Pt. 140 5
ATA _AND MPUTATIONS COMPILE Grid E-14
PART I
Preliminary isohyetal map, in sheet , scale
Precipitation data and mass curves: (Number of Sheets)

which does not employ the
Miscl. precip. records, meteorological data, etc, Part I and Part II phases

Form S-10 (Data from mass rainfall curves)_____________._ 9
Form S-Il (Depth-area data from isohyetal map)___________ 4
Form $-12 (Maximum depth-duration data)_ _ __ . ___________ 7
Maximum duration-depth-area Curves . .. oo ccmacaa-o 1
Data relating to periods of maximum rainfall_ . - —___.
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in 5g. Mi. Duration of Rainfall in Hours
g 2 38 24 | 36 1| 48 | 72 | g8
M&x.Station il.ﬁ' 13.0 1uov 12"‘3—’&2‘3 1';.1 16.6 13.3 —1?.8 —
101 11.6| 11.5] 11.56 | 11.6 | 11.6 | 12.6 | 15.9 | 15.8] 18.2
100 7.9 79| Ta®| 79| 7.9| 9.3 (12.9| 12.9] 14,1
200) 7.1 7.1 TJ| 7.1| T7.1| 8.4(11.,9|11.9] 13,0
BOO | 6.3 6e3| 6a3| 6aB| 643 | Ted | 10.6|10.68]|11.8
1m0 5.6 5-6 5.8 5.5 ECG 6.6 9.6 9.6 10.5
2000 | 4,9 4.9 4.9 | 42| 4,9 | 5.7 | 8.4 8.4] 9.3
8000 | 3.5 37| BT | 347 | 3.7 | 4.6 | 6.7 6.7| 78
10000 2,86 2.9| 5.0 3,0| 3.0| 3.7 G.4 | 5.4 5.9
20000 | 1,8 2.1| 2.2 | 2,2 | 2,2 ) 3.1 | 4,4 4.6| 4.9
$m0 .a - 1 6 .8 2.5 3|2 - le
399900 | 9. 0| fez| I.a i.s 221 2:7| 3.5 88
. . bt -} -3 1.7 2.1 2.2 2.&
506000 | - . - 7] 0.9 1,21 1,6] 1461 1¢

Form 5-2



ACCUMULATED PRECIPITATION IN INCHES

|
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DEPARTMENT OF THE_ARMY CORPS OF ENGINEERS
STORM STUDIES - ISOHYETAL MAP
Storm of_18-23 June 1947 Assignment MR 8- 20
Study Prepared by:Qmaha, Nebr., District

(N
- 4.- ' . .-Rockwell City
Sl
2 ‘ *

~—/

Storm Period120 hours
trom 6 PM I8 June
to__6 PM 23 June

SCALE

15,000,000
Polycenic Projection

MASS RAINFALL CURVES

25 .
- J l I
o |
2oF | ]
l_ | . 1 . (1]
- Lat. 39°27 Lrﬂq. 94° 20 (Near Holt, Mo,) 176
- | l
15 .
- | N
n J Polo, Mo., 9.7~
o Rockwell Gy, 1a., 6.7 = SNRE
- Curtis, Nebr., 5.3 ~ \5__._ _
s e R
— I~ : I
- ] LA ] 1 L I _l!r_ - 1‘,] ]
MRS lg 8P | @4 pp ¢F | Sh 5, 22 | "t 23
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.
Holt, MO Storm Analysis
June 19-23, 1947
102°W 100°W 988w 96*W 94w 92*'wW 90*W 88*'wW 86w
1
,
.
Storm Center
40°N — = 0°N
38N = 38°N
i
KGAG
78.0} ULS
. -
36°N 76.5 O 36°N
IR &
KTIK KESI p
KESI ws
KADM
78.0’
34N -34°N
. 77/5)
79.0
78:
F 0}
keBl KBAD Kif EU
"m 7770 KSE I
79.5 78:0] 7
32°N = 32°N
30°N -30°N
"1’ .
= - T T
102°W 100°W 98w 96°W 94w 92*'wW 90w 38w 86*W
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Storm Precipitation Analysis System (SPAS) For Storm #1734 1
SPAS Analysis

General Storm Location: Thief River, MN
Storm Dates: May 27-31, 1949
Event: Local
DAD Zone 1
Latitude: 48.1625
Longitude: -96.2625
Max. Grid/Radar Rainfall Amount: 9.96”
Max. Observed Rainfall Amount: 9.59”
Number of Stations: 271
SPAS Version: 10.0
Base Map Used: Blend of PRISM climatology and usda basemap
Spatial resolution: 0.2242
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: This analysis was based on 271 hourly stations, daily data, and supplemental
station data. We have a good degree of confidence for the station based storm total results. The spatial
pattern is fully dependent on the blended basemap. Timing is based on the hourly and hourly pseudo
stations. Several daily stations were moved to supplemental due to timing issues and to ensure data
consistency.
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Storm 1734 - May 27 (0600 UTC) - June 1 (0500 UTC), 1949
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

Area (mi?)|

1 2 3 4 5 6 12 18 21 36 48 72 96 120 Total

0.4 415 525 623 669 728 772 785 801 811 829 949 994 994 994 994
1 413 523 6.20 6.66 7.25 7.68 7.82 7.98 8.07 8.26 945 9.89 9.89 9.89 9.89
10 4.08 517 6.14 6.59 719 7.59 773 7.89 7.98 8.16 9.35 9.78 9.78 9.78 9.78
25 4.06 515 6.11 6.56 7.16 755 7.70 7.85 7.94 812 9.31 9.74 9.74 9.74 9.74
50 4.05 513 6.09 6.54 714 752 7.67 7.82 7.9 8.10 9.28 9.70 9.70 9.70 9.70
100 4.04 512 6.06 6.51 7.08 7.49 7.61 T.78 7.86 8.04 9.22 9.65 9.65 9.65 9.65
200 3.85 4.87 578 6.20 6.76 716 7.28 744 7.52 7.7 §.89 9.35 9.35 9.35 9.35
300 3.585 4.50 534 574 6.25 6.64 B.77 6.91 7.00 7.20 §.36 8.87 8.87 8.87 8.87
400 324 410 4.86 526 5.69 6.09 6.20 6.34 6.44 6.69 7.76 §.32 §.32 §.32 §.32
500 293 372 4.43 4.81 5.18 5.56 507 592 6.05 6.42 720 7.89 7.90 7.90 7.90

1,000 192 278 326 364 3.90 419 462 492 5.09 565 581 6.77 6.79 6.79 6.79
2,000 1.24 2.08 240 272 292 314 368 4.03 434 5.03 520 5.85 587 587 5.87
5,000 0.75 131 154 173 1.86 2.06 250 297 3.36 4.03 428 4.79 4.80 4.80 480
10,000 0.45 0.78 0.95 1.05 1.19 1.35 1.85 235 263 323 345 3.90 in i 3N
20,000 0.26 0.46 0.55 0.61 0.75 0.82 127 1.76 1.99 239 259 3.02 3.03 3.03 3.03
50,000 0.1 0.23 0.26 0.30 0.41 0.43 073 0.97 1.14 1.39 158 1.91 1.93 1.93 1.93
100,000 0.06 0.11 0.15 0.17 0.22 0.25 0.43 0.59 0.68 0.84 0.96 1.18 1.19 1.19 1.19

SPAS 1734 DAD Curves Zone 1
May 27 (0600UTC) to June 1 (0500UTC), 1949

1000000 1 ! 1 1 1 1 1 1 | !
100000 L
10000 - Duration({hr)
1
2
3 —
4 —
b 5
E B
g 10001 L5
18
< 24
36
48
%
100 - 120
10 H L
1 T T T T T T T T T T

1 2 3 4 5 6 7 8 9 10
Maximum Average Depth of Precipitation (inches)
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SPAS 1734 Storm Center Mass Curve Zone 1

May 27 (0600UTC) to June 1 (0500UTC), 1949
Lat: 48,1625 Lon: -96.2625

Incremental Precipitation (in)

7| e |ncremental
—— Accumulated L 40
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100°wW

Gauges

¢ Dsily
Hourly
Hourly Pseudo
Supplemeantal
SE

e o m m

Precipitation (inches) [ 12.01-250 [14.51-5.00 [l 7.01-750

[ 0.00-050
[ 0.51-1.00
1.01-150
[11.51-2.00

98w %W 94w

Total Storm (120-hours) Precipitation (inches)

May 27-31, 1949
SPAS 1734 - Thief River, MN

Miles
0 45 0 180

Kilometers
0 20 180 260

[1251-3.00[]501-550 [ 7.51-8.00
[]3.01-350[]551-6.00M8.01-850
[13.51-400[16.01-650["]8.51-9.00
[1401-450 @ 651-7.00[_]9.01-950
[ 79.51-10.00

22w




Page 223 of 329

FORECASTS AND GENERAL WEATHER INFORMATION

UNITED STATES WEATHER BUREAU, WASHINGION, D. C.
1:30 a.m, E. S. T, WEDNESDAY, MAY 25, 1949
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190 am, £.8 T, THURSDAY, MAY 26,1049
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FORECASTS AND GENERAL WEATHER INFORMATION
'UNTTED STATES WEATHER BUREAU, WASHINGTON, D. C.

1:30 a.m,, E. S. T, FRIDAY, MAY 27, 1949
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FORECASTS AND GENERAL WEATHER INFORMATION

UNITED STATES WEATIER EUREAU, WASHINGTON, D. C.
1:30 a.m, E. 5. T, SUNDAY, MAY 29, 1949
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SPAS 1734 Storm Analysis
May 29, 1949
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Storm Precipitation Analysis System (SPAS) For Storm #1334 1
SPAS Analysis

General Storm Location: Buffalo Gap, Saskatchewan, Canada (just north of Montana
Storm Dates: May 30, 1961
Event: Severe convective thunderstorm
DAD Zone 1

Latitude: 49.1146°

Longitude: -105.2896°

Max. grid rainfall amount: 267mm

Max. observed rainfall amount: 267mm (near BUFFALO GAP, SK, CANADA)
Number of Stations: 22
SPAS Version: 9.5

Base Map Used: Based on digitized Canadian Climate Centre of Environment Canada Isohyetal Map

(storm total)
Spatial resolution: 15 seconds (degree: minute: second, WGS84, ~ 0.1 mi?, 0.26 km?)

Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: There were no recording gauges and a great deal of estimation was employed at
all stations which ranged from standard size gauges, small orifice gauges, bucket measurements and
straight estimation. The storm also consisted of high winds and heavy hail that could have impacted the
rainfall measurements. During the analysis one bucket measurement was removed to improve the spatial
pattern in an area with a steep isohyetal gradient but the resulting amount at that location is consistent
with observed. This was a very small storm that occurred over only 3 hours. Resulting DADs are

consistent with the Environment Canada analysis.
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Storm 1334 - May 29 (0900 UTC) - June 1 (0700 UTC), 1961
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
Duration (hours)

Area (mi®) 1 2 3 6 12 18 24 Total
0.1 1050 | 1050 | 1050 | 1050 | 1050 | 10.50 | 10.50 | 10.50
1 1025 | 1025 | 1025 | 1025 | 1025 | 1025 | 10.25 | 10.25
10 7.73 7.77 7.77 7.77 7.77 7.77 7.77 7.77
25 5.78 6.19 6.25 6.25 6.25 6.25 6.25 6.25
50 4.32 4.99 5.11 5.12 5.12 5.12 5.12 5.12
100 3.01 3.69 3.83 3.83 3.83 3.83 3.83 3.83
150 2.70 3.23 3.40 3.40 3.40 3.40 3.40 3.40
200 2.39 2.97 3.13 3.14 3.14 3.14 3.14 3.14
300 1.77 2.46 2.60 2.60 2.60 2.60 2.60 2.60
400 1.28 1.95 2.06 2.06 2.06 2.06 2.06 2.06
470 1.13 1.59 1.68 1.68 1.68 1.68 1.68 1.68

SPAS #1334 DAD Curves Zone 1
May 29-June 1, 1961
1,000 —a—1-hour
2-hour
—=—3-hour
—e—G-hour
100 A —+—12-hour
18-hour
:g 24-hour
g O Total storm
I (24-hour)
10 -
1 Il I I I Il I I I Il Il =
0 2 4 6 8 10
Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation(inches)

SPAS 1334 Storm Center Mass Curve: Zone 1
May 29 (0800 UTC) to June 1 (0700 UTC), 1961
Lat: 49.11 Lon: -105.29
110
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1057 20°W 105°15°wW 1055w
1 1 1
48* 15N =427 156N
497N 201y
1 1 1
1057 20°W 105+ 15°W 1055w
N
[ —
A 0 15 3 6
Total 24-hr Precipitation (inches)
May 30,1961 0800 UTC
SPAS #1334
Precipitation (inches) Stations
Saskatchewan
Woo-1 [601-7 e Daily I_I
1.01-2 01- ity Esti
[ | [ 701-8 ¢ Daily Estimated
[J201-3 501-9 = Houry
I:' 301-4 . 901-10 Montana Morth Dakota
[J401-5] ]1001-11

[]501-6

DM 0477672074
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NOAA HYSPLIT MODEL
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Backward trajectories ending at 0000 UTC 31 May 61

CDC1 Meteorological Data

-130
650
700
750 750
800
o
922 m
= ——a 950
8 12 06 00 18 12 06 00 18 12 06 00
05/30 05/29 05/28
Job 1D: 141635 Job Start: Sun May 11 05:02:58 UTC 2014

Source 1 lat.: 49.115 lon.: -105.290000 hgts: 0, 700, 1750 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 May 2061 - reanalysis
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SPAS 1334
May 29 - June 1, 1961
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Storm Precipitation Analysis System (SPAS) For Storm #1030 _1
SPAS Analysis

General Storm Location: Wahoo, NE
Storm Dates: June 22-24, 1963
Event: Thunderstorm, possibly associated with a mesoscale convective complex (MCC)
DAD Zone 1
Latitude: 41.2132
Longitude: -97.0710
Rainfall Amount: 15.98 inches
Number of Stations: 222
SPAS Version: 2.0
Base Map Used: No

Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes, 1, 2, 3, 4, 5, 6, 12, 18, 24, 36, 48, and 72 hours
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SPAS Storm 1030 - David City, NE, June 22 - 24, 1963
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area {mizlI 1 2 3 4 5 6 12 18 24 36 48 72 total
1 3.87 7.36 10.73 12.40 13.26 14.10 15.61 15.90 15.98 15.98 15.98 15.98 15.98
10 3.68 6.98 10.18 11.82 12.60 13.40 14.80 16.02 1515 156.13 1513 15.16 15.16
100 3.03 5.68 8.25 9.72 10.59 11.37 12.75 13.14 13.23 13.23 13.23 13.23 13.23
200 281 521 7.57 5.91 9.87 10.63 12.07 12.39 12.49 12.49 12.50 12.52 12.52
500 2,37 4.41 6.30 7.38 8.52 917 10.39 10.79 10.82 10.84 10.86 10.87 10.87
1,000 1.96 365 519 6.31 7.32 7.89 9.10 9.39 9.45 9.47 9.48 9.51 9.51
5,000 0.89 1.80 2.50 3.18 397 4.22 5.96 6.64 6.80 6.83 6.87 6.87 6.87
10,000 0.61 1.15 1.56 1.99 2.35 2.65 4.07 4.60 4.84 4" 4.92 4.93 4.93
20,000 0.36 .66 0.89 1.09 127 1.53 246 2.85 3.04 3.09 3.10 3.10 310
SPAS 1030 DAD Curves
David City, NE, June 22 - 24, 1963
100,000
—+—1-hour
2-hour
10,000 -
.' —s— 3-hour
1,000 ...\...\"x._\_. T . 4 —+—d-hour
B \'“m\_ » .
,§, ™ 5-hour
E Tx, “ -
< ™
100 + \ » - —s— B-hour
\ \\ 12-hour
\ A
101 *ll B\\ A A —+— 18-hour
| \
| \ Total storm
[ \ (72-hour)
1 T T T LI T T T T T T 4 T T + T T T i T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Maximum Average Depth of Precipitation (inches)
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AccumulatedPrecipitation (inches)

Mass Curve - Storm 1030 - June 23-24, 1963

David City, Nebraska
Storm Center

—— Supplemental Station 26
Latitude: 41.2132
Longitude: -97.0710

1

3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71
Time (hours)
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42°0'N: 42°0N
41°30'N- 1°30'N
41°0'N 41°0N
40°30'N- 0°30'N
40°0'N- 40°0'N
97°30'W 97°0WwW 96°30'W 96°0W
SPAS Storm #1030 - June 22 to 24, 1963
Total Rainfall (72-hours) - Wahoo, Nebraska
Precipitation (inches) ]
& 05100 D 401-500 TD s01-000 @ 1201-13.00
1.01-2.00 5.01-6.00 9.01-10.00 13.01 - 14.00
2.01-3.00 6.01-7.00 10.01 - 1100‘1401 15.00
@D 301-4.00 @D 701-8.00 @ 11.01-1200 T 1501 - 16.00
Gauging Stations N :
— e \liles
© Daily ©  Hourly Pseudo A 0 5 10 20

Kilometers Coordinate system: GCS North American 1983
0 10 20 40 60 Scale: 1:44,522,173  Metstat/AWA March 1, 2007

® Hourly ©  Supplemental



hPa
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0700 UTC 24 Jun 63

Source * at 4123 N 97.11W

CDC1 Meteorological Data

06724 06723 0622

Job 10: 134315 Job Start: Thu Jun 25 19:09:11 UTC 2015
Source 1 lat.: 41.230000 lon.: -97.110000 hgts: 0, 1090, 2730 m AGL

Traljl?mo Direction: Backward  Duration: 72 hrs_ )
Yertical on Calculation Method: Model Vertical Velocity

Meteorology: 00002 1 Jun 2063 - reanalysis
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SPAS 1030 David City, NE Storm Analysis
June 21-24, 1963

100°W 98w °|*W 94*W 2w

Storm Center
4123 N, 9711 W

Hysplit o 15 20 480
@ Surface @ 850mb e 700mb
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Storm Precipitation Analysis System (SPAS) For Storm #1324 1

SPAS Analysis

General Storm Location: Near Glen Ullin, ND (Stanton, ND)
Storm Dates: June 24, 1966
Event: Thunderstorm cloud-burst
DAD Zone 1

Latitude: 47.3041°

Longitude: -101.3875°

Max. grid rainfall amount: 327mm

Max. observed rainfall amount: 158mm (Glen Ullin, ND)
Number of Stations: 58
SPAS Version: 9.5

Base Map Used: Modified Digitized USGS Isohyetal Map

Spatial resolution: 30 seconds (degree: minute: second, WGS84, ~ 0.3 mi?, 0.78 km?)

Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: Given the analysis had 18 hourly stations, 39 daily stations and a detailed USGS
total isohyetal map, the overall confidence in the results are higher than average. Three hourly stations
resided at locations in/near the storm center, therefore increasing confidence amongst the heaviest
precipitation. Heavy amounts of hail accompanied this storm, which may have influenced the timing at
tipping bucket gauges. Unofficial, newspaper reports of up to “10 inches of rain in a half hour” could not be
verified and therefore the analysis does not represent rainfall intensities that high. The maximum storm

center precipitation is based on the fact the USGS report noted up to 13” of rain fell.

NOTE: This storm was included in NOAA Technical Report NWS 25 (Comparison of Generalized Estimates
of Probable Maximum Precipitation With Greatest Observed Rainfalls, Washington, D.C., March 1980).
This storms’ observed rainfall was >= 50% of the all-season PMP for 6-hr/10mi2, 12-hr/10mi2 and 6-

hr/200mi2.
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Storm 1324 - June 23 (0800 UTC) - June 26 (0700 UTC), 1966
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
. Duration (hours)
Area (i) [~ 3 6 12 18 24 48 72 Total
0.2 8.14 12.10 12.59 12.82 12.82 12.82 12.86 12.87 12.87
1 8.00 11.93 12.42 12.61 12.62 12.76 12.76 12.80 12.80
10 7.49 11.22 11.64 12.18 12.19 12.20 12.21 12.23 12.23
25 7.13 10.71 10.95 11.69 11.70 11.72 11.73 11.74 11.74
50 6.72 10.13 10.51 11.11 11.12 11.13 11.14 11.17 11.17
100 5.96 9.13 9.64 10.25 10.26 10.29 10.34 10.38 10.38
150 5.32 8.33 9.02 9.46 9.46 9.46 9.77 9.88 9.88
200 4.82 7.54 8.33 9.18 9.18 9.18 9.35 9.39 9.39
300 4.10 6.77 7.39 8.61 8.62 8.63 8.64 8.65 8.65
400 3.56 6.10 7.19 7.92 7.93 7.93 8.09 8.11 8.11
500 3.19 5.69 6.79 7.42 7.42 7.42 7.58 7.60 7.60
1,000 2.10 4.26 4,96 5.92 5.93 5.93 5.98 6.07 6.07
2,000 1.44 2.66 4.02 4.42 4.42 4,43 4.86 4,92 4.92
5,000 0.90 1.77 2.20 3.07 3.07 3.09 3.21 3.30 3.30
10,000 0.42 1.33 1.53 2.39 2.40 2.40 2.40 2.43 2.43
17,987 0.27 0.74 111 1.42 1.44 1.45 1.48 151 1.51
SPAS #1324 DAD Curves Zone 1
June 23 - June 26, 1966
100,000 e
——3-hour
10,000 - —s—@-hour
12-hour
1,000 | 18-hour
EE 24-hour
;é 100 - —+—48-hour
—=—T72-hour
0 Total storm (72-
10 - hour)
1

Maximum Average Depth of Precipitation (inches)
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SPAS 1324 Storm Center Mass Curve Zone 1

June 23 (0800UTC) to June 26 (0700UTC), 1966
Lat: 47.304 1666666667 Lon: -101.3875
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102°30'W 101°30'W 100°30'W

48°N 8°N
47°30'N E—; 7°30N
47°N N
46°30'N =4 = : i : I = — ! 46°30N
46°N [-46°N
45°30'N 45°30'N
102°30'W 101°30'W . 100°30"W
N Total 72-hr Precipitation (inches) ————Niles
A June 23, 1966 0700 UTC - June 25,1966 0700 UTC ©° 5 " 20
SPAS #1324
—
Precipitation (inches) Stations Montana Naorth Dakota
Mooo-050[]251-3.00[]501-550 l801-9.00 e Daily —J Minnesota

Wos1-1.00[ ]301-350[]551-6.00 l9.01-1000 =
[ 1.01-1.50 []351-4.00 [ 6.01-6.50 [ 10.01-11.00 @ Hourly Est. Wyoming
[ 1.51-2.00 [ 4.01-4.50 ] 6.51-7.00 [ ]11.01-12.00 @ Hourly Pseudo Nebraska lowa
[]2.01-2.50 [[] 451 -5.00 [l 7.01-8.00 [ ] 12.01-13.00 ¢ Coloradd —

Hourly South Dakota

Supplemental Est.

TWP 04/03/2014



Source * at 47.30N 101.38W

hPa
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1800 UTC 24 Jun 66
CDC1 Meteorological Data

600
650
700 700
530
850 e 880
936 F— % 950
12 06 DID 18 12 06 DID 18
06/24 06/23
Job 1D: 125795 Job Start: Tue Apr 817:21:13 UTC 2014

Source 1 lat.: 47.300000 lon.: -101.380000 hgts: 0, 820, 2430 m AGL

Trajectory Direction: Backward  Duration: 48 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Jun 2066 - reanalysis
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SPAS 1324 Glen Ullin, ND Storm Analysis
June 23-24, 1966
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Storm Precipitation Analysis System (SPAS) For Storm #1209 1
SPAS Analysis

General Storm Location: Wooster, Ohio — the "Independence Day storm"
Storm Dates: July 4-6, 1969 (July 4, 1969 0600 UTC — July 7, 1969 0500 UTC: 72 hours)
Event: Thunderstorm
DAD Zone 1
Latitude: 40.91458
Longitude: 81.9729
Max. Grid Rainfall Amount: 14.95™**
Max. Observed Rainfall Amount: 14.82” at Wooster 8 NNW***

Number of Stations: 509 (77 Daily, 46 Hourly, 2 Hourly Estimated, 3 Hourly Estimated Pseudo, 14 Hourly
Pseudo, 360 Supplemental, and 7 Supplemental Estimated)

SPAS Version: 8.5

Base Map Used: Blended USGS, USACE, NWS and SPAS total storm isohyetal converted into a grid.
Spatial resolution: 15 seconds* (~ 0.25 mi?)

Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes**

Reliability of results: Although this storm analysis obviously did not use radar data, the abundant gauge
data and well positioned hourly rain gauges provided excellent spatial and temporal information and

therefore a very high degree of confidence in the final results.
*A higher spatial resolution (15-sec vs. 30-sec) was used in this analysis to better capture the spatial details.

** The southwestern portion of the domain was NOT included in the DAD zone since a separate squall line
passed through this area on July 61, which is temporally very separate than the main event during the night
of July 4,

*** An unreliable and unofficial amount of 18” was reported (see below) near Wooster, but we choose not
to use this amount because we couldn’t corroborate it with other sources. As it is, our storm center exceeds

the highest official rainfall amount by 0.13”.



Storm 1209 - July 4 (0600 UTC) - July 7 (0500 UTC), 1969
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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3 Duration (hours)
Area (mi)— 2 3 6 12 18 24 36 48 72 Total
0.4 473 523 6.34 8.88 12.89 14 .44 14.52 14.55 14.79 14.81 14.81
1 464 514 6.27 8.85 12.81 14 .36 14 .44 14 47 14.71 14.73 14.73
10 420 473 6.00 8.66 12.26 13.66 13.73 13.77 13.98 14.00 14.00
25 3.75 4.55 592 8.46 11.81 13.15 13.21 13.26 13.49 13.55 13.55
50 3.30 441 583 8.28 11.31 12.57 1264 12.69 13.03 13.17 13.17
100 2.87 4.26 571 8.06 10.87 12.02 12.09 12.18 12.59 12.81 12.81
200 252 4.09 545 7.78 10.47 11.56 11.65 11.74 12.18 12.42 12.42
300 233 3.95 522 7.60 10.22 11.30 11.41 11.50 11.93 12.18 12.18
400 219 3.83 5.01 7.46 10.03 11.10 11.23 11.32 11.75 11.99 11.99
500 2.08 3.72 4.83 7.34 9.88 10.94 11.08 1117 11.60 11.83 11.83
1,000 1.75 3.30 420 6.88 9.28 10.37 10.53 10.65 11.02 11.25 11.25
2,000 1.44 2.82 3.72 6.23 8.48 9.48 9.69 9.83 1017 10.38 10.38
5,000 1.00 1.93 2.64 4.47 6.29 713 7.26 7.44 7.69 7.89 7.89
10,000 0.62 1.19 1.68 293 4.41 5.03 518 5.36 5.49 5.69 5.69
20,000 0.36 0.68 1.01 1.82 2.88 3.36 3.49 3.67 3.78 3.95 3.95
28,280 0.27 0.51 0.74 1.33 213 250 2.59 279 2.89 3.06 3.06
SPAS #1209 DAD Curves Zone 1
July 4-7, 1969
1,000,000
—— 1-hour
—2-hour
100,000 -

—=—3-hour

10,000 | —+—6-hour

12-hour

E\:E_ 1,000 18-hour

§ == 24-hour

=

100 —=— 36-hour

=—t+—48-hour

10 72-hour

O  Total storm (72-
1 ‘ - hour)
10 12 16

Maximum Average Depth of Precipitation (inches)
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Incrermental Precipitation (inches)

SPAS 1209 Storm Center Mass Curve

July 4 (0600 UTC) to July 7 (0500 UTC), 1969

Lat: 40.915 Lon:-81.973
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Wooster, Ohio "Independence Day storm" - ISOHYETAL FROM SPAS
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 05 Jul 69

Source *

CDC1 Meteorological Data

- - ) rf a\f .y

971
18 12 06 00 18 12 06 00 18 12 06 00
07/04 07/03 07/02

This is not a NOAA product. It was produced by a web user.

Job 1D: 317608 Job Start: Tue Nov 29 01:16:31 UTC 2011
Source 1 lat.: 40.91 lon.: -81.97 hgts: 0, 1160, 2820 m AGL

Trajectory Direction: Backward uration: 72 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Jul 2069 - reanalysis
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SPAS 1209 Wooster, OH Storm Analysis
July 2-5, 1969
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Storm Precipitation Analysis System (SPAS) For Storm #1744 1
SPAS Analysis

General Storm Location: East Trout Lake, Saskatchewan
Storm Dates: July 10-11, 1974
Event: Synoptic
DAD Zone 1
Latitude: 54.4375
Longitude: -104.7542
Max. Grid Rainfall Amount: 12.32”
Max. Observed Rainfall Amount: 12.00:
Number of Stations: 39
SPAS Version: 10.0
Basemap: Isohyetal from HYD-8-12 Environment Saskatchewan
Spatial resolution: 0.20
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on 39 hourly stations, daily data, supplemental station data
and radar data. We have a good degree of confidence in the spatial pattern and limited confidence in the
temporal pattern. The spatial pattern is fully dependent basemap and gauge stations. Timing is based on
two hourly stations derived based on NOAA Atlas 14 Temporal patterns (Midwest region) and bucket
survey timing reports. Most daily stations were moved to supplemental due to timing issues (On observation
time) and to ensure data consistency.
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SPAS 1744 - July 10 (1700 UTC) - July 11 (1600 UTC), 1974
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHE S)
Area (mi?) Duration (hours)
1hr 2hr 3hr dhr Shr Ghr 12hr 18hr 24hr Total
0.4 3.74 7.07 9.70 11.07 | 11.76 12.08 12.29 12.28 12.28 12.28
1 373 7.05 9.67 11.04 11.73 12.04 12.25 12.24 12.24 12.24
10 3.7 7.00 9.61 10.96 11.64 11.95 12.14 1214 12.14 12.14
25 3.70 6.99 958 10.93 11.60 11.92 12.10 12.10 1210 12.10
50 3.69 6.97 9.56 10.90 1167 | 11.89 12.06 12.07 | 12.07 12.07
100 3.68 6.96 954 10.88 11.55 11.86 12.03 12.04 12.04 12.04
150 3.65 6.91 948 10.82 11.50 11.81 11.94 11.96 11.96 11.96
200 3.61 6.83 9.37 10.70 11.36 1167 | 11.81 11.83 11.83 11.83
300 363 6.67 915 10.44 11.10 11.39 11.54 11.56 11.56 11.56
400 344 6.51 8.92 10.19 10.82 11.11 1127 | 11.29 11.29 11.29
500 3.36 6.35 8.70 993 10.55 10.84 11.00 11.04 11.04 11.04
1,000 3.02 5.69 7.83 8.95 952 9.80 10.10 10.18 10.18 10.18
2,000 271 4.98 6.89 7.99 8.69 8.87 9.21 932 932 932
3,500 2.39 435 596 7.05 7.63 7.92 8.26 8.35 8.35 8.35
5,000 212 3.84 525 6.24 6.75 7.00 7.32 741 741 741
7,500 1.70 3.09 4.20 5. 542 5.62 5.90 599 5.99 5499
10,000 1.4 254 349 415 4.48 465 4.88 4.95 495 4.95
15,000 1.03 1.89 2.54 3.02 3.28 3.40 3.63 3mM 37 37
20,000 0.80 1.46 2.00 2.36 255 2.66 2.85 293 293 2.93
35,000 0.49 0.89 1.23 1.46 1687 1.64 1.79 1.85 1.85 1.85
40,419 043 0.78 1.07 1.28 1.38 1.44 1567 1.62 1.62 1.62
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Incremental Precipitation (in)

SPAS 1744 Storm Center Mass Curve Zone 1

July 10 (1700UTC) to July 11 (1600UTC), 1974
Lat: 54.4375 Lon: -104.7542
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Total Storm (24-hr) Precipitation (inches)
7/10/1974 1700 UTC - 7/11/1974 1600 UTC
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 11 Jul 74
CDC1 Meteorological Data

Source = at 5444 N 104.75'W
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Job ID: 12525 Job Start: Wed Feb 19 22:18:03 UTC 2020
Source 1 lat: 54 437000 lon.: -104. 730000 hgts: 0, 950, 2550 m AGL
Trajectory Direction: Backward  Duration: 72 hrs
“Yertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Jul 2074 - reanalysis




Page 262 of 329

SPAS 1744 Storm Analysis
July 9-10, 1974
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Storm Precipitation Analysis System (SPAS) For Storm #1035 1
SPAS Analysis

General Storm Location: Forest City, MN
Storm Dates: June 19 — 22, 1983
Event: Convective Thunderstorm
DAD Zone 1
Latitude: 45.23941
Longitude: -94.54040
Rainfall Amount: 17.00” (Grid/Pixel Point =16.53")
Number of Stations: 515 (h=8, hp=1, d=498 (434 Coop), s=8)
SPAS Version: 2.0
Base Map Used: No
Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes, 1, 2, 3, 4,5, 6, 12, 18, 24, 36, 48, 72, and 96 hours.



Page 264 of 329

Storm 1035 - Forest City, MN June 19 - 22, 1983

MAXIMUM AVERAGE DEPTH OF PRECIPITATION [INCHES)

Duration (hours)
ares (m°) 1 2 3 4 5 [ 12 18 24 36 48 T2 ] fotal
1 EX) 18 [ X T8 8.8 1384 13EF 1383 15,83 1658 1483 1883 1458
w e 257 5.63 535 6.62 77 1273 1274 1274 1534 15.34 15,24 15.34 15,38
108 262 344 450 554 5.63 6.23 1923 1023 1023 1278 1278 1279 1279 1279
200 248 328 482 52y 533 577 5.3 848 545 1187 1187 11.87 1.7 11.87
500 222 103 420 477 487 502 T84 758 T 750 7.5 §7 A7 .97
1000 203 73 am 425 433 445 £.54 6.55 (1] TR TE T8 T8t 7.91
5000 1.08 1.48 1.54 222 228 2.43 335 LR 3.8 400 4.00 400 4.0 401
SPAS #1035 DAD Curves == 1-N0Ur
Forest City, MN June 19 - 22,1982
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Precipitation (inches)

SPAS 1048 Storm Center Mass Curve
20 August 17 (0700Z) to 21 (0700Z), 2007 Storm 4
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Gauging Stations
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® Hourly © Supplemental A
Precipitation (inches)
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Coordinate system: GCS North American 1983

Scale: 1:1,630,214

MotsMUAWA Asrd 12, 2007
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0700 UTC 21 Jun 83

CDC1 Meteorological Data

969 WE—a L o e 950
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Job ID: 137482 Job Start: Fri Jun 26 00:07:18 UTC 2015
Source 1 lat.; 453239410 lon.: -54.540400 hagts: 0, 1120, 2740 m AGL

Tg_j'nla{:tn Direction: Backward Curation: 72 hrs
Yertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Jun 2083 - reanalysis
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SPAS 1035 Forest City, MN Storm Analysis
June 20-21, 1983
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Storm Precipitation Analysis System (SPAS) For Storm #1210 1
SPAS Analysis

General Storm Location: Twin Cities, MN
Storm Dates: 07/23/1987 0700 UTC - 07/24/1987 1800 UTC (CPP: 36-hours)
Event: Mesoscale Convective Complex
DAD Zone 1

Latitude: 44.8895

Longitude: -93.40208

Max. Grid Rainfall Amount: 11.55”

Max. Observed Rainfall Amount: 11.32"*** (EDEN PRAIRIE, MN)
Number of Stations: 293 (37 Daily, 8 Hourly, 3 Hourly Pseudo, 245 Supplemental)
SPAS Version: 8.5

Base Map Used: A basemap/grid was created with a blend of the Univ. of Minnesota/MN Climate Center
isohyetal, the EPRI isohyetal, a composite of 5 geo-referenced WSR-57 radar images and the SPAS total
storm (based on PRISM mean 1971-2000 July Precipitation as a basemap).

Spatial resolution: 15 seconds* (~ 0.25 mi?)
Radar Included: No**
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: Although this storm analysis did not use radar data, the abundant gauge data and
well positioned hourly rain gauges provided excellent spatial and temporal information and therefore a very

high degree of confidence in the final results.

*A higher spatial resolution (15-sec vs. 30-sec) was used in this analysis to better capture the spatial details.
** Although no radar data was used, 5 WSR-57 geo-referenced images provided some useful information.
See more details below.

*** Given this station was nudged in the analysis, the 11.32” value won'’t clearly show up in the av1201.txt

file. Furthermore, the CPP was limited to a 36 hour window, whereas this station reported more precip at
the very end of the 72-hour analyzed period.
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Storm 1210 - July 23 (0700 UTC) - July 24 (1800 UTC), 1987
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Py Duration (hours)
Area (mi') 2 3 4 5 6 12 18 24 36 48 72 Total
0.4 5.10 8.12 9.91 10.38 10.67 11.17 11.45 11.48 11.49 11.49 11.49 12.06 12.06
1 5.03 8.06 9.82 10.34 10.61 11.13 11.41 11.46 11.46 11.46 11.46 12.03 12.03
10 4.25 7.26 8.71 9.67 10.24 10.64 11.22 11.27 11.28 11.28 11.28 11.90 11.90
25 3.76 B.76 8.03 9.20 9.92 10.36 10.96 11.01 11.04 11.04 11.04 11.67 11.67
50 3.39 6.32 7.76 8.77 9.43 9.95 10.66 10.71 10.75 10.75 10.75 11.39 11.39
100 3.02 5.80 7.30 8.17 8.79 9.41 10.13 10.16 10.21 10.21 10.21 10.87 10.87
200 2.61 5.1 6.55 7.31 7.94 8.58 9.30 9.34 9.40 9.40 9.40 10.04 10.04
300 2.39 463 6.03 6.69 7.32 7.95 8.71 8.75 8.81 8.81 8.81 9.42 9.42
400 2.24 4.28 5.63 6.23 6.85 7.47 8.27 8.31 8.38 8.38 8.38 8.96 8.96
500 210 4.01 5.29 5.85 6.47 7.08 7.90 7.95 8.01 8.01 8.01 8.57 8.57
1,000 1.59 3.09 4.09 4.56 5.19 5.83 6.71 6.76 6.82 6.82 6.81 7.29 7.29
2,000 1.18 2.21 290 3.32 3.86 4.45 5.48 5.53 5.58 5.58 5.52 5.89 5.89
5,000 0.72 1.27 1.61 1.97 2.44 2.82 3.74 3.78 3.83 3.83 3.76 4.02 4.02
10,000 0.42 0.73 0.94 1.22 1.53 1.84 253 2.56 2.60 2.60 2.56 2.75 2.75
SPAS #1210 DAD Curves Zone 1
July 23-24, 1987
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Incremental Precipitation (inches)

SPAS 1210 Storm Center Mass Curve: Zone 1
July 23 (700 UTC) to July 24 (1800 UTC), 1987
Lat: 44 89 Lon: -93.402
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ISOHYETAL FROM SPAS #1210 - "Twin Cities Super Storm"
Total 36-hour Rainfall (inches)
07/23/1987 0700 UTC - 07/24/1987 1800 UTC

1

Inches Morth Dakota

M <=002 []251-300 ] 7.01-8.00 e Daily —% Minnsscta
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[]1.01-150 [] 401-500 [] 1001-11.00 Supplemental
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0400 UTC 24 Jul 87
CDC1 Meteorological Data

Source ¥ at 4489 N 93.40W
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UID 18 12 0B DID 18 12 0B DID 18 12 06
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This is not a NOAA product. It was produced by a web user.
Job 1D: 346425 Job Start: Fri Dec 2 22:35:54 UTC 2011

Source 1 lat.: 44.89 lon.: -93.40 hgts: 0, 1140, 2790 m AGL
Trajectory Direction: Backward uration: 72 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 01 Jul 2087 - reanalysis
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Minneapolis, MN Storm Analysis
July 21-24, 1987

102°W

42°N

40°N

B

)
102°W

Hysplit
@® Surface ® 850mb © 700mb



Page 275 of 329

Storm Precipitation Analysis System (SPAS) For Storm #1673 1

Storm analysis domain:

Storm dates:

Event:

SPAS version:

Base map used:

SPAS Analysis

Harrow, Ontario (-83.2, 42.4, 41.7, -82.4)
July 19 — July 20, 1989

Mid-latitude cyclone (MLC) with embedded convection and

orographic-induced convergence

10 (See Appendix A for a brief description of SPAS)

local

Digitized version of the isohyetal map from Figure 3 of the Environment

Canada Harrow Storm Study

Grid cell resolution (sqmi):  0.2465
Radar included: No
Number of stations: 36 stations
o No. of
*
Gauge Type Description Abbr. stations
Hourly Hourly gauges with complete (.)r.negrly complete, incremental hourly H 3
precipitation data
Hourly estimated Hourly gauges with some estimated hourly values, but otherwise reliable HE 0
Hourly pseudo Ho_urly gauges Wlt_h rellab_le temporal preC|p|t_at|on data, but the magnitude Hp 0
is questionable in relation to co-located daily or supplemental gauges
Hourly estimated Combination of hourly estimated and hourly pseudo HEP 0
pseudo
Daily Daily gauge with complete data and known observation times D 0
Daily estimated Daily gauges with some or all estimated data DE 0
Supplemental Gauges with unknown or wn_ag_ula_r observation times, but reliable s 33
precipitation data
Supplemental Gauges with estimated precipitation values based on other information such SE 0
estimated as radar, pre-existing total storm isohyetal maps or public storm reports

*Stations abbreviated with the letter O imply the station was omitted from the analysis.

Depth-Area-Duration

precipitation amo

Zone 1
Latitude 42.0042
Longitude -82.9375
Maximum grid | 17.74

unt:
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Maximum observed | 17.75
precipitation amount:

Maximum observed | HARROW AG
precipitation CENTER,
location: ONTARIO

Maximum  24-hour | 12.75
100sgmi precipitation
amount:

Reliability of results:
In addition to the handful of NCDC stations, 33 supplemental stations were created in ArcGIS by digitizing
the bucket survey stations in Figure 3 of the Environment Canada Harrow Storm Study. These stations were
added to the SPAS analysis to ensure that the data more closely resemble what was observed and reported
during this storm event. In addition to this, the isohyets in Figure 3 were digitized, converted to a raster grid,

and used as a basemap for the SPAS analysis.

Results:
The results of this analysis are provided among several deliverables in separate files. Appendix B contains

a list of deliverables associated with this analysis.

Data mining
Rain gauge data from the following sources is used in this analysis:

* NCDC - Standard/official daily and hourly precipitation data

*  Harrow Storm Report —33 of the bucket survey locations in Figure 3 of this report were digitized and added
as supplemental precipitation stations

e Harrow Storm Report — The isohyets in Figure 3 of this report were used as the basemap for the SPAS
analysis

*  Checked Local Climatological Data (LCD), Hourly Precipitation Data (HP), and Climatological Data (CD)
records in nearby Michigan for any relevant data that could be used in the determining the timing and
magnitude of this storm

*  Checked Environment Canada sources for any pertinent storm data

Storm summary and relevant documents

See the report, Gruniewski, P.N., Hogg, W.D., Chen, P., Fox, R.A., and Cameron, I., Harrow Storm of July 19-20,
1989, for a detailed account of the synoptic, mesoscale, and local orographic factors contributing to this extreme
rainfall event.
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Storm 1673 Zone 1 - July 19 (0500 UTC) - July 21 (0400 UTC), 1989
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

areasgmi 1 2 3 4 5 6 12 18 24 36 48 Total
0.4 3.98 6.71 7.65 7.97 8.35 8.72 1226 | 16.50 | 17.21 17.60 | 1760 | 17.60
1 3.95 6.67 7.60 7.92 8.23 8.59 1208 | 16.25 | 16.89 | 1733 | 17.33 | 17.33
10 3.77 6.35 7.26 7.56 763 7.88 11.05 | 1487 | 15.51 15.88 | 1588 | 15.88
25 3.43 5.77 6.63 6.92 7.24 7.57 1063 | 1430 | 14.91 15.27 | 1527 | 15.27
50 3.06 515 595 6.50 6.86 7.25 1006 | 1353 | 1413 | 1447 | 1447 | 14.47
100 2 61 4.40 5.09 5.90 6.23 6.77 9.16 1230 | 1283 | 13.15 | 13.15 | 13.15
150 2.36 3.97 4 61 5.36 572 6.37 8.50 1122 | 11.70 | 1199 | 1199 | 11.99
200 2.15 3.63 423 491 5.34 6.02 7.98 10.38 | 10.80 | 11.07 | 11.07 | 11.07
300 1.83 3.09 3.65 424 479 545 7.14 9.24 9.60 9.85 9.85 9.85
400 1.49 252 3.21 3.75 4.36 5.05 6.51 8.42 8.76 9.00 9.00 9.00
500 1.25 2.12 287 3.36 4.04 4.71 6.06 7.75 8.06 8.28 8.28 8.28
864 0.82 1.48 2.05 247 3.21 3.78 479 6.09 6.35 6.53 6.53 6.53

Area (mi?)

SPAS #1673 DAD Curves Zone 1
July 19-21, 1989

1,000

100 -

10 +
48

o Total storm (48-hour)

0 12

Maximum Average Depth of Precipitation (inches)




Incremental Precipitation (in)

SPAS 1673 Storm Center Mass Curve Zone 1

July 19 (0500UTC) to July 21 (0400UTC), 1989
Lat: 42.0042 Lon: -82.9375
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e |ncremental

| == Accumulated

17.74

Index Hour

Accumulated Precipitation (in)
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83°wW
Gauges Total Storm (48-hours) Precipitation (inches)
g w July 19 - 20, 1989
SPAS 1673 - Harrow, ON
¢ = Miles

20

Precipitation (Inches) [ |533-625 O-5 11.13?7-12.36
B os2-2.07 [ Je2e-718 [ 1237-1335
[ 208-287 [ ]710-811 [ 13.36 - 14.41
[ ] 288-3s60 [ Jetz-om [ ]1442-1561
[ ]as1-446 [ ]ot2-1023 [ |1s62-17.78
[ ]4a7-532 [ 1024- 1136
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0600 UTC 20 Jul 89
CDC1 Meteorological Data

82.94 W

Source + at 42.00N

0720 orHg 07rMa

Job 10 19087 Job Start: Thu May 31 17:2%44 UTC 2018
Source 1 lat.: 42.004200 lon.: -82.937500 hgts: O, 11590, 2800 m AGL

Trajectory Direction: Backward  Duration: 72 hrs _
Vertical Motion Calculation Method:  Model Vertical Velocity
Meteorology: 00002 1 Jul 2089 - reanakysis
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SPAS 1673 Harrow, ON Storm Analysis
July 19, 1989

84w 82°w 80w

Center
.00 N, 82.94 W

(KTOLS

Miles
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e Surface ® 850mb e 700mb
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Storm Precipitation Analysis System (SPAS) For Storm #1036 _1
SPAS Analysis

General Storm Location: Pawnee Creek, CO
Storm Dates: July 29 (2000 Z) — 30 (1300 Z), 1997
Event: Convective Thunderstorm
DAD Zone 1
Latitude: 40.7752
Longitude: -103.6253
Rainfall Amount: 13.58” (Grid/Pixel Point) in 12hours (but the total analysis window was 17hrs)

Number of Stations: 96 (15-hourly, 1-hourly pseudo, 24-daily, and 56-supplemental) gauging stations
within the define search domain. 77 (6-hourly, 0-hourly pseudo, 15-daily, and 56-supplemental)
stations within radar domain.

SPAS Version: 2.0
Base Map Used: No

Radar Included: Yes
Depth-Area-Duration (DAD) analysis: Yes, 1, 2, 3, 4, 5, 6, 12, and 17 hours.
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Storm 1036 - Pawnee Creek, CO July 29 - 30, 1997
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

Area (mi?) 1 2 3 4 5 6 12 17 total
1 5.20 8.02 9.60 10.90 12.12 12.83 13.58 13.58 13.58

10 4.72 7.51 9.03 10.43 11.61 12.26 13.22 13.23 13.23
100 3.05 5.09 6.46 7.46 8.70 9.53 11.06 11.07 11.07
200 2.41 4.07 5.20 6.13 7.21 8.00 9.54 9.55 9.55
500 1.91 3.04 3.57 4.62 5.28 6.02 7.31 7.42 7.42
1,000 1.45 2.29 2.78 3.72 4.18 4.69 5.97 6.01 6.01
5,000 0.53 0.76 0.95 1.24 1.48 1.67 2.63 2.67 2.67

SPAS #1036 DAD Curves
Pawnee Creek, CO July 29 - 30, 1997

—— 1-hour

10,000

2-hour

——3-hour

1,000 -

—+—4-hour

Area (mi2)
-
[=]
o

5-hour

——G-hour

10 -

—s—12-hour

1 . I . | L } . ) L | . | L | . o Total storm

0 8 10 16 (17-hour)

Maximum Average Depth of Precipitation (inches)
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Accumulated Precipitation (inches)

Mass Curve - Storm #1036 - July 29 (2000 Z) - July 30 (1300 Z), 1997

Pawnee Creek, Colorado
Storm Center

= Storm Center Grid Cell

Latitude: 40.7752
Longitude -103 6253
Maximum: 13.58"

2 3 4 5 6 7 8 9 10 11 12 13
Time (hours)
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T T
103300 103°TW

SPAS Storm #1036 - July 29-30, 1997
Gauging Stations Total Rainfall (17-hours) - Pawnee Creek, Colorado

® Daly e Houly ¢ HourlyPseudo @ Supplemental

Precipitation (inches)

M ooo-100 []401-500 [{801-900 [T]1201-13.00 e —] Y 1T :
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Coardinate system: GCS Nowh American 1983
Scale:1:841,717 MemR7ANE Wne 5, 2007
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NOAA HYSPLIT MODEL

Backward trajectories ending at 0900 UTC 30 Jul 97

CDC1 Meteorological Data

—b
[

—n i T

950

og 00 18 12 O 00 18 12 oO6 00 18 12
07/30 07/29 07/28

Job 1D: 142644 Job Start: Thu Dec 11 18:42:28 UTC 2014
Source 1 lat.: 40.775200 lon.: -103.625300 hgts: 0, 0, 1600 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Jul 2097 - reanalysis
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RAINFALL

NOAA HYSPLIT MODEL
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Page 1 of

Backward trajectory ending at 20 UTC 29 Jul 97

CDC1 Meteorological Data

1

Trajectory Direction: Backward Duration:
Vertical Maotion Calculation Method® Maodel
Produced with HYSPLIT from the NOAA ARL Website (http.f'www.ar| noaa goviready/)
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Storm Precipitation Analysis System (SPAS) For Storm #1177 1
SPAS-NEXRAD Analysis

General Storm Location: Vanguard, Saskatchewan, Canada
Storm Dates: July 3-4, 2000 (7/3/2000 1600 UTC — 7/4/2000 0900 UTC)
Event: MCC
DAD Zone 1:
Latitude: 49.9218°
Longitude: -107.2100°
Max. Grid Rainfall Amount: 388mm
Max. Observed Rainfall Amount: 375mm

Number of Stations: 73 (1 Daily, 1 Hourly, O Hourly Estimated, 13 Hourly Pseudo, 53 Supplemental, and
5 Supplemental Estimated)

SPAS Version: 8.5

Base Map Used: A blend of an isohyetal from a technical report, the Level Ill radar-estimated

precipitation from the Glasgow, MT radar and the ippt results.
Spatial resolution: 36 seconds (degree: minute: second, WGS84, ~ 0.31 mi2, 0.80 km?)

Radar Included: Yes (KGGW)
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: Given the bucket survey in/faround the Vanguard storm center, we have a
relatively high degree of confidence in the magnitude of precipitation in/around Vanguard; elsewhere we
have less confidence. Although this storm had radar data, the storm cells occurred at the outer limits of
the radar scan. Level Il radar data was only available for the first half of the storm, while coarser Level lll
data was available for the latter half of the storm. We have moderate confidence in the overall spatial
patterns of the storm precipitation. The temporal distribution of precipitation was largely govern by
pseudo hourly gauges derived from a default ZR relationship and the radar data. Anecdotal information
from the bucket survey however provided some good guidance on rainfall intensities, which the final

results are consistent with.



Page 289 of 329

Storm 1177 - July 3 (1600 UTC) - July 4 (900 UTC), 2000
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi?) 1 2 3 6 12 18 Total
0.3 6.25 10.37 11.62 14.58 15.29 15.29 15.29
1 6.07 10.22 11.5 14.41 15.07 15.07 15.07
10 5.63 9.61 10.92 14.08 14.79 14.81 14.81
25 5.23 8.99 10.32 13.72 14.44 14.48 14.48
50 4.82 8.21 9.42 13.13 13.76 13.9 13.90
100 4.29 7.09 8.35 12.36 13.08 13.12 13.12
150 3.93 6.32 7.83 11.76 12.46 12.51 12.51
200 3.66 5.74 7.24 11.15 11.83 11.87 11.87
300 3.23 4.89 6.43 10.09 10.73 10.75 10.75
400 2.9 4.36 5.81 9.24 9.76 9.86 9.86
500 2.64 4.1 5.34 8.58 9.03 9.15 9.15
1,000 1.88 2.87 3.51 6.64 7 7.11 7.11
2,000 1.48 2.4 2.82 491 5.31 5.39 5.39
5,000 0.98 1.67 2.01 3.16 3.6 3.71 3.71
10,000 0.5 1.08 1.38 2.24 2.55 2.58 2.58
12,353 0.49 0.86 1.16 2 2.2 2.2 2.20
SPAS #1177 DAD Curves Zone 1
July 34, 2000
100,000
—a—1-hour
2-hour
10,000
——3-hour
—e—G-hour
1,000
&
g —+—12-hour
1
g
< 18-hour
100
O Total storm (18-
hour)
10

Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation (inches)

SPAS 1177 Storm Center Mass Curve: Zone 1
July 3 (1600 UTC) to June 4 (0900 UTC), 2000

Lat: 49.922 Lon: -107.210

I (ncremental

— Accumulated

1529" |

10
Index Hour

Accumulated Precipitation (inches)
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Vanguard, Saskatchewan Storm of July 3, 2000
Total 18-hour Precipitation in Inches
7/3/2000 1600 UTC — 7/4/2000 0900 UTC
SPAS #1177
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1900 UTC 03 Jul 00
CDC1 Meteorological Data
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This is not a NOAA product, It was produced by a web user,
Job 1D: 331824 Job Start: Wed Mar 6 00:01:17 UTC 2013

Source 1 lat.: 49.92 lon.: -107.21 hgts: O, 780, 2400 m AGL
Trajectory Direction: Backward  Duration: Y2 hrs

Yertical Motion Calculation Method: Model Vertical Velocity
Meateoralogy: DDO0Z 01 Jul 2000 - reanalysis




Page 293 of 329

Storm Center:
-107.21,49.92
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Storm Precipitation Analysis System (SPAS) For Storm #1726 1
SPAS-NEXRAD Analysis

General Storm Location: Upper Turtle River Watershed
Storm Dates: October 11-13, 2000
Event: Local
DAD Zone 1
Latitude: 47.9550
Longitude: -97.7550
Max. Grid Rainfall Amount: 20.00”
Max. Observed Rainfall Amount: 20.00”
Number of Stations: 254
Basemap: defaultP_285
Spatial resolution: 0.3189
Radar Included: Yes
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on 254 hourly stations, daily data, supplemental station
data and NEXRAD Radar. We have a good degree of confidence for the radar/station based storm total
results. The spatial pattern is dependent on the radar data and basemap. Timing is based on the hourly
and hourly pseudo stations. Several daily stations were moved to supplemental due to timing issues and

to ensure data consistency.
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Storm 1726 - June 11 (0700 UTC) - June 14 (0600 UTC), 2000
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
Area (mi?) Duration (hours)
1 2 3 4 5 6 12 18 24 36 48 72 Total
0.4 4.91 a7 10.81 12.18 14.24 16.39 19.91 19.96 19.96 19.96 19.96 19.96 19.96
1 486 5.68 10.71 12.09 14.12 16.26 19.74 19.79 19.79 19.79 19.79 19.79 19.79
10 455 834 10.30 11.66 13.65 15.68 19.03 19.08 19.08 19.08 19.08 19.08 19.08
25 416 7.93 983 11.16 12.85 1477 17.91 17.99 17.99 18.00 18.00 18.01 18.01
50 383 721 5.94 10.21 11.60 13.39 16.25 16.32 16.32 16.38 16.38 16.41 16.41
100 32 6.01 7.50 8.56 9.82 11.33 13.88 14.05 14.06 1417 14.18 14.26 14.26
200 287 468 595 6.74 7.75 8.96 11.33 11.62 11.64 11.87 11.89 12.01 12.01
300 212 393 514 576 6.49 7.62 9.90 10.20 10.22 10.58 10.61 10.74 10.74
400 1.83 3.46 459 513 569 6.76 894 9.28 932 9.69 m 9.85 9.85
500 1.65 310 421 4.68 509 6.16 523 8.59 5.64 9.05 .07 522 922
1,000 1.18 214 3.04 334 349 434 6.33 6.71 6.76 7.24 7.26 742 742
2,000 0.69 1.34 1.86 2.00 227 2.67 4.69 5.00 5.05 562 5.65 584 5.84
5,000 0.36 0.65 0 1.04 1.29 148 261 2.90 293 3.66 369 in in
10,000 022 0.37 052 063 0.79 0.91 1.64 1.82 1.84 239 241 255 255
SPAS 1726 DAD Curves Zone 1
June 11 (0700UTC) to June 14 (0600UTC), 2000
1000000 L L . . .
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SPAS 1726 Storm Center Mass Curve Zone 1

June 11 (0700UTC) to June 14 (0600UTC), 2000
Lat: 47.955 Lon: -97.755
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9w 98w a7*w
Total Storm (72-hours) Precipitation (inches)
Gauges June 11 (0700 UTC) - June 14 (0600 UTC), 2000
: :"v’y SPAS-NEXRAD 1726
::;Z::::; 01F?@Miles o

Precipitation (inches) [4.01-5.00 []9.01-10.00 [l 14.01 - 15.00

[ 0.00-1.00 [15.01-6.00[]10.01-11.00 [ 15.01 - 16.00
[ 1.01-2.00 [16.01-7.00[]11.01-12.00 [ 16.01 - 17.00
[2.01-3.00 [17.01-8.00 12.01 -13.00 []17.01 - 18.00
[13.01-4.00 [18.01-9.00 N 13.01 - 14.00 [ 18.01 -19.00
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0600 UTC 13 Jun 00
CDC1 Meteorological Data
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Job 1D 156850 Job Start: Thu Oct 17 20:00:58 UTC 2019
Source 1 lat.: 47 955000 lon.: -97 753000 hgt=: 0, 1110, 2740 m AGL
Trajectory Direction: Backward  Duration: 72 hrs
Yertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Jun 2000 - reanalysis
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SPAS 1726 Storm Analysis
June 12-13, 2000
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Storm Precipitation Analysis System (SPAS) For Storm #1033 1
SPAS-NEXRAD Analysis

General Storm Location: Ogallala, NE
Storm Dates: July 6 (300Z, 2100 MDT) — 7 (600Z, 0000 MDT), 2002
Event: Convective Thunderstorm
DAD Zone 1
Latitude: 41.03
Longitude: -101.78
Rainfall Amount: 14.92” (Grid/Pixel Point)

Number of Stations: 80 (19-hourly, 3-hourly pseudo, 56-daily, and 2-supplemental) gauging stations
within the define search domain. 35 (7-hourly, 2-hourly pseudo, 24-daily, and 2-supplemental)

stations within radar domain.
SPAS Version: 2.0

Base Map Used: No

Radar Included: Yes

Depth-Area-Duration (DAD) analysis: Yes, 1, 2, 3, 4, 5, 6, 12, 18, 24, and 28 hours.
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Storm 1033 - Ogallala, NE July 6 (300 2) - July 7 (600 2), 2002
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi?) 1 2 3 4 5 6 12 18 24 28 total
1 5.18 6.51 8.45 10.06 11.61 13.19 14.77 14.78 14.92 14.92 14.92
10 3.90 5.40 7.95 9.53 11.04 12.54 14.39 14.41 14.53 14.57 14.57
20 3.52 5.23 7.65 9.17 10.66 12.12 14.00 14.01 14.12 14.16 14.16
30 3.28 5.12 7.47 8.93 10.38 11.79 13.57 13.60 13.74 13.74 13.74
40 3.10 4.96 7.30 8.69 10.08 11.47 13.22 13.25 13.36 13.39 13.39
50 2.95 4.86 7.14 8.50 9.85 11.18 12.90 12.93 13.05 13.08 13.08
60 2.83 4.75 7.00 8.29 9.57 10.90 12.61 12.63 12.77 12.78 12.78
70 2.71 4.64 6.85 8.13 9.41 10.65 12.34 12.36 12.50 12.51 12.51
100 2.39 4.37 6.46 7.67 8.88 10.06 11.66 11.69 11.84 11.84 11.84
200 2.09 3.72 5.49 6.69 7.78 8.79 10.22 10.30 10.46 10.46 10.46
500 1.65 2.89 4.09 5.07 6.04 6.70 8.14 8.34 8.50 8.51 8.51
1,000 1.19 2.21 3.06 3.82 454 5.11 6.24 6.59 6.75 6.76 6.76
5,000 0.41 0.84 111 1.40 1.72 2.00 2.68 3.09 3.23 3.25 3.25

SPAS #1033 DAD Curves
Ogallala, NE July 6 (300 Z) - 7 (600 Z), 2002 e tnour
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Accumulated Precipitation (inches)

Mass Curve - Storm #1033 - July 6 (300 Z) - July 7 (600 Z), 2002
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SPAS Storm #1033 - July 6 to 7, 2002
Total Rainfall (28-hours) - Ogallala, Nebraska

Precipitation (inches)
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0600 UTC 04 Jul 02
CDC1 Meteorological Data

hPa

Source * at 41.03 N 101.78 W
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1000

oo 18 12 06 00 18 12 06 00 18 12 0B
07/04 0703 07/02

Job 1D: 156599 Job Start: Fri Dec 12 06:12:25 UTC 2014
Source 1 lat.: 41.030000 lon.: -101.780000 hgts: 0, 425, 2080 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity

Meteorology: 00007 1 Jul 2002 - reanalysis
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SPAS 1033- Ogallala, NE Storm Analysis
July 5-6, 2002
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Storm Precipitation Analysis System (SPAS) For Storm #1220 1
SPAS-NEXRAD Analysis

General Storm Location: Eastern lowa, Southwestern Wisconsin and Northwestern lllinois
Storm Dates: July 27, 2011 2100 UTC - July 28, 2011 2000 UTC
Event: Mesoscale Convective System (MCS) along a stalled front
DAD Zone 1
Latitude: 42.44
Longitude: -90.75
Max. Grid Rainfall Amount: 15.14”
Max. Observed Rainfall Amount: 15.10” (2 miles SE of Julien, IA)

Number of Stations: 157 (25 Daily, 42 Hourly, 0 Hourly Estimated, O Hourly Estimated Pseudo, 14 Hourly

Pseudo, 76 Supplemental, and 0 Supplemental Estimated)
SPAS Version: 9.0

Basemap: PRISM Mean (1971-2000) July precipitation
Spatial resolution: 36 seconds (~0.35 mi?)

Radar Included: Yes

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: Given the unblocked, clean and QC’ed radar data coupled with relatively extensive
gauge data, we have a very high degree of confidence in the results. No supplemental estimated stations

were warranted in this analysis.
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Storm 1220 - July 27 (2100 UTC) - July 28 (2000 UTC), 2011
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
Area (miz) Duration (hours)
1 2 3 4 5 6 12 18 24 Total
0.4 419 6.91 9.36 9.40 9.63 10.88 1477 15.11 15.12 15.12
1 415 6.83 924 9.32 952 10.75 14 .58 14 .94 14.95 14.95
10 3.86 6.25 8.55 8.70 8.97 10.22 13.75 14.30 14.32 14.32
25 3.50 5.81 7.81 8.04 8.48 9.77 13.27 13.94 13.99 13.99
50 312 538 7.05 7.37 8.08 9.45 12.86 13.57 13.60 13.60
100 277 495 6.32 6.67 7.1 9.14 12.43 13.12 13.16 13.16
150 259 471 502 6.33 7.50 8.95 12.16 12.85 12.89 12.89
200 245 4 51 5.64 6.15 7.35 8.81 11.97 12.63 12.67 12.67
300 225 419 518 585 7.09 8.55 11.64 12.29 12.33 12.33
400 214 3.93 488 562 6.85 8.26 11.32 11.96 12.00 12.00
500 2.05 3.72 4.63 5.43 6.67 8.02 10.99 11.66 11.69 11.69
1,000 1.73 3.07 3.91 458 5.81 6.95 9.62 10.24 10.27 10.27
2,000 1.30 2.33 3.05 3.73 4 64 549 7.89 8.56 8.59 8.59
5,000 072 1.27 1.81 235 2.89 3.33 525 579 5.81 581
10,000 0.38 0.72 1.02 1.31 1.64 1.89 3.14 3.61 3.63 3.63
12,296 0.31 0.60 0.86 1.09 1.36 1.59 263 3.06 3.07 3.07
SPAS #1220 DAD Curves Zone 1
July 27-28, 2011
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Incrernental Precipitation {inches)

SPAS 1220 Storm Center Mass Curve: Zone 1
July 27 (2100 UTC) to July 28 (2000 UTC), 2011
Lat: 42 44 Lon:-90.75
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89°0"W
43°0'N 43°0N
42°0'N 42°0'N
41°0N 41°0N
N 92°0'W 91°0W 80°0'W 89°0'W
A Total 24-hour Precipitation T ————ies
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0600 UTC 28 Jul 11
EDAS Meteorological Data

Source * at 4240N 90.75 W
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YR e — | 950
2 06
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This is not a NOAA product. It was produced by a web user.

Job 1D: 314038 Job Start: Wed Dec 7 14:58:49 UTC 2011
Source 1 lat.: 42.40 lon.: -90.75 hgts: 0, 1210, 2870 m AGL

Trajectory Direction: Backward uration: 72 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 16 Jul 2011 - EDASA40
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SPAS 1220 - Dubuque, IA Storm Analysis
July 25-28, 2011
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Storm Precipitation Analysis System (SPAS) For Storm #1727 1
SPAS-NEXRAD Analysis

General Storm Location: Drummond, WI
Storm Dates: June 15-18, 2018
Event: Local
DAD Zone 1
Latitude: 46.3150
Longitude: -91.4150
Max. Grid Rainfall Amount: 17.33”
Max. Observed Rainfall Amount: 15.03”
Number of Stations: 433
Basemap: Default Radar Precipitation Total Strom (300R1.4)
Spatial resolution: 0.33
Radar Included: Yes
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on 433 hourly stations, daily data, supplemental station
data and radar data. We have a good degree of confidence for the radar and station based storm total
results. The spatial pattern is fully dependent on the radar data and basemap. Timing is based on hourly
stations and sun-hourly data is based on 5-minute radar data. A couple daily stations were moved to

supplemental due to timing issues and to ensure data consistency.
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SPAS 1727 - June 15 (0600 UTC) - June 18 (1100 UTC), 2018
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHE S)

.3 Duration (hours)
Area (mi“)
Thr 2hr 3hr 4dhr Shr 6hr 12hr 18hr 24hr 36hr A8hr 72hr | Total (78hr)
0.4 4.01 5.08 6.46 7.33 9.68 1054 | 1185 | 1219 | 1358 | 13.64 | 1499 | 17.30 17.30
1 3.98 5.00 6.39 7.26 9.59 1044 | 1175 | 1208 | 1345 | 13.54 | 1485 | 1715 17.15
10 3.86 4.68 6.23 712 9.08 9.94 1124 | 1163 | 1291 | 12958 | 1419 | 1657 16.58
25 3.68 4.58 6.06 7.00 8.48 9.36 10.64 | 1093 | 1233 | 1239 | 1345 | 1622 16.23
50 343 4.44 5.85 6.52 7.83 8.74 10.08 | 1046 | 1184 | 11.99 | 12.85 | 15.88 15.89
100 N 4.20 547 6.45 713 8.05 9.47 10.00 | 1135 | 1142 | 1225 | 1546 15.46
150 292 3.95 514 6.12 6.75 7.64 9.05 9.73 11.06 | 1113 | 1187 | 1512 15.13
200 279 378 4.90 5.85 6.47 737 8.73 9.51 10.86 | 10.93 | 1156 | 14.78 14.78
300 2.55 3.61 4.46 5.38 6.09 6.93 8.31 9.16 10.53 | 10.60 | 11.02 | 14.16 14.16
400 2.35 347 415 502 5.80 6.62 7.94 8.88 10.23 | 1031 | 1065 | 1369 13.70
500 222 334 3.96 476 5.51 6.32 7.65 8.62 9.97 10.06 | 10.35 | 13.34 13.34
1,000 1.93 2.64 342 4.05 4.60 5.32 6.60 7.81 8.95 9.01 9.24 12.04 12.04
2,000 1.60 225 2.90 343 3.88 4.34 552 6.85 778 7.88 8.07 10.72 10.73
3,500 1.32 1.90 242 292 3.28 3.56 4.65 587 6.68 6.85 721 9.72 9.74
5,000 1.14 1.64 21 253 2.87 312 4.19 5.22 5.99 6.20 6.64 9.14 9.16
7,500 0.92 1.33 1.73 21 241 259 3.7 463 521 547 6.05 8.37 8.41
10,000 0.74 1.19 1.49 1.82 210 228 3.33 4.05 41 4.99 5.52 7.86 7.90
15,000 0.52 0.98 1.25 1.45 1.68 1.87 2.76 343 4.04 4.35 4.84 6.98 7.07
20,000 0.41 0.81 1.10 127 1.40 1.56 2.35 2.99 3.55 387 425 6.39 6.50
34,917 (.26 0.50 0.73 0.91 1.02 1.12 1.48 2.08 2.61 2.99 3.26 4.95 5.06
SPAS 1727 DAD Curves Zone 1
June 15 (0600UTC) to June 18 (1100UTC), 2018
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SPAS 1727 Storm Center Mass Curve Zone 1
June 15 (0600UTC) to June 18 (1100UTC), 2018
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NOAA HYSPLIT MODEL
Backward trajectornies ending at 0600 UTC 17 Jun 18

CDC1 Meteorological Data
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oav 0e/16 0615

Job D 1466 Job Start: Thu Nov 21 18:54-48 UTC 2018
Source 1 lat.: 48. 315000 lom.: -21 415000 hgts: O, 1100, 2780 m AGL

Trajectory Direction: Backward Dwraticn: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Metecrology: 0000Z 1 Jun 2018 - reanalysis
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SPAS 1727 Storm Analysis
June 16-17, 2018
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Storm Precipitation Analysis System (SPAS) For Storm #1728 1

SPAS-NEXRAD Analysis

General Storm Location: Cross Plains, WI
Storm Dates: August 20-22, 2018
Event: Local
DAD Zone 1
Latitude: 43.1450
Longitude: -89.6150
Max. Grid Rainfall Amount: 16.24”
Max. Observed Rainfall Amount: 15.28”
Number of Stations: 656
SPAS Version: 10
Basemap: 80/20 split of radar and ippt
Spatial resolution: 0.3502
Radar Included: Yes

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on 656 hourly stations, daily data, supplemental station

data and NEXRAD Radar. We have a good degree of confidence for the radar/station based storm total

results. The spatial pattern is dependent on the radar data and basemap. Timing is based on the hourly

and hourly pseudo stations. Several daily stations were moved to supplemental due to timing issues and

to ensure data consistency.
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SPAS 1728 - August 20 (1000 UTC) - August 21 (0900 UTC), 2018
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Area :mﬁ Duration (hours)
1 2 3 4 5 6 12 18 24 Total
0.4 3.65 5.50 724 8.33 10.13 12.00 15.87 16.22 16.22 16.22
1 3.62 544 718 8.26 10.04 11.89 16.74 16.08 16.08 16.08
10 3.27 515 6.92 7.94 9.65 11.37 15.14 15.50 15.50 15.50
25 297 4.76 6.58 7.63 9.14 10.69 14.37 14.73 14.73 14.73
50 2.64 4.41 6.29 7.36 8.79 9.87 13.32 13.76 13.77 13.76
100 2.30 4.04 579 6.89 8.14 9.23 1247 12.74 12.75 12.74
200 1.90 3.48 5.01 6.01 7.1 8.13 10,77 11.27 11.28 11.27
300 1.64 3.04 4.39 5.3 6.33 7.24 9.63 10.08 10.08 10.08
400 1.45 2.69 3.89 4.73 5.68 6.51 8.71 9.12 9.13 9.12
500 1.35 241 347 4.28 5.18 595 8.01 8.39 8.39 8.39
1,000 1.04 1.65 243 3.06 3.79 4.35 6.10 6.36 6.37 6.36
2,000 0.75 1.27 1.76 2.24 2.78 3.25 4.63 4.82 4.83 4.82
5,000 0.48 0.88 1.27 1.61 1.89 215 3.18 3.34 3.34 334
10,000 0.29 0.55 0.80 1.07 1.28 147 219 2.33 234 2.33
12,235 0.25 0.48 0.70 0.92 1.12 1.28 1.94 2.08 2.08 2.08
SPAS 1728 DAD Curves Zone 1
August 20 (1000UTC) to August 21 (0900UTC), 2018
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SPAS 1728 Storm Center Mass Curve Zone 1

August 20 (1000UTC) to August 21 (0900UTC), 2018
Lat: 43.145 Lon: -89.615
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 21 Aug 18
CDC1 Meteorological Data

89.61 W
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Job ID: 110637 Job Start: Thu Mow 7 16:40:43 UTC 2019

Source 1 lat.: 43.145000 lon.: -89.615000 hgts: 0, 1180, 2800 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Yertical Motion Calculation Method: Model Yertical Velocity

Meteorclogy: 00002 1 Aug 2018 - reanalysis
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SPAS 1728 Storm Analysis
August 19-21, 2018
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Storm Precipitation Analysis System (SPAS) For Storm #1729 1
SPAS-NEXRAD Analysis

General Storm Location: Iron River, Ml
Storm Dates: July 20-21, 2019
Event: Local
DAD Zone 1
Latitude: 44.0350
Longitude: -86.1850
Max. Grid Rainfall Amount: 15.77”
Max. Observed Rainfall Amount: 13.53”
Number of Stations: 707
SPAS Version: 10
Basemap: Default ZR Relationship 3001.4
Spatial resolution: 0.35
Radar Included: Yes
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on 707 hourly stations, daily data, supplemental station
data and radar data. We have a good degree of confidence for the radar and station based storm total
results. The spatial pattern is fully dependent on the radar data and basemap. Timing is based on hourly
stations and sun-hourly data is based on 5-minute radar data. Several daily stations were moved to

supplemental due to timing issues and to ensure data consistency.
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SPAS 1729 - July 20 (0100 UTC) - July 21 (0500 UTC), 2019
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHE §)

Area (mi?) Duration (hours)
1 2 3 4 5 6 12 18 24 Total
0.4 307 523 6.83 8.95 11.56 12.30 14.78 15.61 15.75 15.61
1 3.04 518 6.80 .89 1147 12.21 14.65 15.49 15.61 15.49
10 291 5.06 6.71 8.74 11.13 11.91 14.21 15.01 15.13 15.01
25 280 4.91 6.63 8.68 10.80 11.58 13.77 14.53 14.63 14.53
50 2.68 4.71 6.50 8.55 10.49 11.25 13.34 14.09 14.16 14.09
100 2.54 4.39 6.16 8.30 10.05 10.77 12.81 13.55 13.59 13.55
200 2.34 377 5.52 7.42 5.94 9.66 .71 12.47 12.52 1247
300 217 345 4.94 6.63 79 8.69 10.74 11.47 11.53 11.47
400 2.01 315 4.46 5.98 7.10 7.95 10.02 10.75 10.81 10.75
500 1.89 2.9 4.08 543 6.46 7.33 9.41 10.21 10.27 10.21
1,000 1.45 240 3.10 3.87 4.75 5.44 7.59 8.41 8.52 8.41
2,000 1.03 1.89 259 318 3.60 4.01 581 6.60 6.75 6.60
5,000 0.66 1.19 1.77 217 2.85 2.70 3.68 4.40 4.59 4.40
10,000 0.48 0.83 1.12 1.45 1.68 1.76 2.31 313 334 313
20,000 0.34 0.59 0.75 0.91 1.02 1.12 1.46 2.02 221 2.02
35,000 0.22 0.39 0.50 0.61 0.69 0.76 1.01 142 1.57 142
36,448 0.21 0.35 0.48 0.58 0.67 0.74 0.98 1.39 1.53 1.39
SPAS 1729 DAD Curves Zone 1
July 20 (0100UTC) to July 21 (0500UTC), 2019
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SPAS 1729 Storm Center Mass Curve Zone 1

July 20 (0100UTC) to July 21 (0500UTC), 2019
Lat:44.035 Lon: -86.185
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Total Storm (29-hr) Precipitation (inches)
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SPAS-NEXRAD #1729
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1500 UTC 20 Jul 19
CDC1 Meteorological Data

Source » at 4403 N 8618 W

hPa

0720 0719 0vieE

Job ID: 155620 Job Start: Fri Nov 1 19:02:18 UTC 2019
Source 1 lat.: 44 035000 lon_: -86_ 185000 hgts: O, 1250, 2900 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Yertical Motion Calculation Method: Model Vertical Velocity
Meteorclogy: 00002 1 Jul 2019 - reanalysis
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SPAS 1729 Storm Analysis
July 19-20, 2019

%°'W 94°W 2w 0°W 88*wW 8*wW 84a*w

Hysplit 0 155 310 €20
e Surface ® 850mb e 700mb



